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MEASUREMENT

The physicist attempts to explain the phenomena observed in nature. Before an explanation can be attempted, accurate observations must be made. As Lord Kelvin (1824‑1907) said:

‘When you can measure what you are speaking about and express it in numbers, you know something about it; and when you cannot measure it, when you cannot express it in numbers, your knowledge is of a meager and unsatisfactory kind; it may be the beginning of knowledge, but you have scarcely in your thoughts advanced to the stage of a science.”

Measuring uses a combination of our senses and certain instruments to make precise observations. These findings help us to collect a precise body of knowledge which gives us a basis for generalizations. Measurements help answer our questions and help us to clarify our findings.

In this workshop guide we will deal with:

1. 
The mechanics of measurement 

2. 
Four basic measurements ‑ distance, mass, time, and temperature 

3. 
Six derived measurements (quantities): perimeter, area, surface area, volume, WEIGHT density 

4. 
Indirect measurement.

While the activities in this guide have been developed for use with 4th‑9th grade teachers in workshops, many of these activities can be used with 4th‑9th grade students although modification will be required. For this reason, the use of the term “student” in this book refers to participants in a workshop for teachers as well as to the 4th‑9th grade children in the classes that they teach.

A large number of the activities in this guide have been specifically included to address common misconceptions related to measurement. It is particularly important to address these misconceptions and other naive ideas, because they can often hinder students’ conceptual understanding of other physics topics. In fact, the identification of naive ideas and classroom strategies for addressing them should be a primary focus of any teacher workshop on measurement. In this book, naive ideas are listed in the Workshop Leader’s Planning Guide for each section immediately prior to the activities which address them. A complete listing of naive ideas is provided below.

Naive IDEAS

1. 
Measurement is only linear.

2. 
Any quantity can be measured as accurately as you would like.

3. 
Children who have used measuring devices at home already know how to measure.

4. 
The metric system is more accurate than the English system.

5. 
The English system is easier to use than the metric system.

6. 
You can only measure to the smallest unit shown on the measuring device.

7. 
You should start at the end of the measuring device when measuring distance.

8. 
Some objects cannot be measured because of their size or inaccessibility.

9. 
A number is a complete measurement and labels are not important.

10. 
The five senses are infallible.
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11. 
An object must be “touched” to measure it.

12. 
A measuring device must be a physical object.

13. 
Mass and weight are the same concept and they are equal at all times.

14. 
Mass is solely a metric system measurement. Weight is solely an English system measurement​

15. 
Mass is a quantity that you get by weighing an object.

16. 
Mass and volume are the same concept.

17. 
The only way to measure time is with a clock or watch.

18. 
Time has an absolute beginning.

19. 
Heat and temperature are the same.

20. 
Heat is a substance.

21. 
Cold is the opposite of heat and another substance.

22. 
There is only one way to measure perimeter.

23. 
Only the area of rectangular shapes can be measured in square units.

24. 
You cannot measure the volume of irregularly shaped objects using water displacement.

25. 
The density of an object depends only on its volume.

26. 
Density for a given volume is always the same.

27. 
Density of two samples of the same substance with different volumes or shapes cannot be the same.

MEASUREMENT
MATERIALS LIST

MATERIALS LIST FOR MEASUREMENTS

8
beam balances

8
scales, 0‑20 Newtons

8
standard mass sets

8
thermometers calibrated for 0F and 0C

8
thermometers, non‑calibrated

8
overflow cans

8
graduated cylinders

4
sets of geometric figures to include cube, rectangular solid, triangular prism, and cylinder

4
stopwatches

8
steel objects ‑ cubes (two sizes) and cylinder

8
aluminum cubes (two sizes) equal in volume to above steel cubes
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MEASURING

Measuring devices are common in our everyday life. Most people feel that they know how to measure with common tool. It is not critical in everyday life if they weigh 160 lbs. or 1603 lbs. or if the thermostat actually reads 72.60F rather than 720F. However, in science, measurement is a basis for an accurate description of nature and it may be critical whether a temperature is 22.46 degrees or 22 degrees. Therefore, specific techniques must be followed to get accurate and reliable measurements.

Naive Ideas

1.
Any quantity can be measured as accurately as you want.

2.
Children who have used measuring devices at home already know how to measure.

3.
The metric system is mom accurate than the English system

4.
You can only measure to the smallest unit shown on the measuring device.

5.
You should start at the end of the measuring device (ruler, yard stick, meter stick, etc.) when measuring distance.

6.
Some objects can not be measured because of their size or inaccessibility.

A.
MOST SCIENTIFIC KNOWLEDGE IS BASED ON OBSERVATION AND MEASUREMENT GIVES US A MEANS FOR COMPARISON,

1. 
Discussion ‑ Focus On Physics: “Measurement”


This is a basic background about measurement and a review of measurement techniques that will be used extensively throughout the unit. Although brief, mastery of this unit is essential.

MEASUREMENS

1A1F
FOCUS ON PHYSICS

MEASUREMENT

(Discussion)

In most aspects of our lives, especially in science, we have a need for a basis for comparison. Our attempts to describe, our attempts to quantify, our attempts at making decisions or generalizations ‑ all demand that we have a system to use in making comparisons. We make these comparisons after measuring characteristics of events, objects, etc. to establish a quantitative relationship.

Measuring adds objectivity to our comparisons. Today’s temperature versus yesterdays; Michael Jordan’s leaping ability versus that of “Spud” Webb; the relative weights of heavy‑weight and welter‑weight boxers; and the size of the fish “that got away” all demand a consistent, objective system of measurement.

Measurement affects daily life. Things we purchase (coffee, beef, milk); the number of calories in our diet the maximum weight load of a bridge; the size of our shoes; and the number of floor tiles needed for our kitchen floor all require uniform, consistent, objective means of measurement.

Historically, non‑standard units led to unit standardization. The “foot” (12 inches) developed from a non‑standard measurement unit which was the king’s foot. The scientific community measures in standard units (centimeter, gram, minute, degree Celsius). These standard units allow ease in comparisons everywhere.

Some basic rules of measuring are:

1.
Do not use ends of a measuring device when measuring length because they may be damaged.

2.
Position head carefully so that eye is directly in front of the measuring device to avoid parallax.

3.
If possible, place the object on measuring device or the measuring device on the object.

4.
Be consistent when measuring ‑ always use the same side or center of the line for every measurement.

5.
In general, estimate one place beyond the smallest scale division shown on the measuring device. Usually, this will be the tenth of the smallest scale division.

6.
When measuring mass, make sure balance is clean and adjusted before measurements are taken.

7.
When measuring a liquid volume, use the bottom part of the curved line (meniscus).

These rules should be introduced in a discussion after students have obtained different measurements of the same objects. Students should not be given a “list of rules” to know but rather these “rules” or techniques should be stressed in every measuring activity.

These skills or techniques are a major part of every measurement activity. A good way to see if students are measuring reliably. Measurement is reliable if a student obtains similar results. Results from the first day must be kept for this comparison.

The fact that science involves measurement is not new information to most teachers or their students. The media and other everyday experiences have taught the public that science uses and emphasizes the accurate measurement of many quantifies and objects. What is often unrecognized is that these physical quantities or measurements are not all. the same. Scientists divided measurements into two types which they call basic and derived quantities or units.

Basic units are those fundamental measurement quantities which can not be simplified or reduced to less complicated ideas. In science, these basic quantities are length, mass, time, temperature, electrical charge, and luminosity. In the OPERATION PHYSICS Measurement Unit, we will work only with four basic units: length, mass, time, and temperature.
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The concept of length is a basic quantity because it is as fundamental an idea as can be conceptualized. It cannot be simplified or reduced. Since the idea of length is fundamental, it is a basic unit of measurement. Length units, such as the meter, can be converted to larger units (such as a kilometer) or smaller units (such as a centimeter). However, the concept or idea of length as the distance between two points is irreducible and is still what is measured by all of these units. Thus length is a basic quantity. Similarly, mass, time, and temperature are fundamental concepts which cannot be further simplified.

Derived quantities, on the other hand, are combinations of basic quantities and can always be reduced or identified in terms of these basic quantities. Speed, for example, is defined as the distance traveled by an object per unit time. It is defined as distance traveled divided by the time required to travel that distance (speed = distance/time). Thus speed is a quantity measure in miles/hr, ft/sec, or kilometers/minute.

The concept of speed is made up of two basic quantities: distance and time. Speed therefore is a derived quantity which is expressed as the ratio of two basic quantities, distance and time. Similarly, other concepts such as area (length x length), solid volume (length x length x length) and density (mass/volume) are also derived concepts. Each can be expressed as some combination of basic quantities. Most measurements are derived quantities and this unit will be develop for of them: area, surface area, solid volume, and density. Many others, such as pressure, force, and energy, will be addressed in other OPERATION PHYSICS units.

Confusion between fundamental and derived units may cause problems and contribute to misconceptions in science. One relevant example is the distinction between mass and weight. Frequently these two terms are used as synonyms in everyday conversation. They are in fact different concepts. Mass is a basic quantity measuring the amount of matter (or “stuff”) in an object, while weight is a derived quantity measuring the force (mass x acceleration) of gravitational attraction of one object for another. Much confusion develops in our society be‑cause a derived quantity, weight, is often thought of as identical to mass. Mass is an important part of the weight concept, but they are not identical. Mass is a basic quantity, independent of other objects, and a constant anywhere in the universe. Weight (mass x gravitational acceleration) is a derived quantity which changes from place to place depending upon differences in gravitational attraction. Thus the weight of an object changes as the gravitational acceleration changes, but the mass of the object remains the same. Conceptually, it is difficult to understand this apparent contradiction unless a distinction between mass as a basic quantity and weight as a derived quantity is established.
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BASIC MEASUREMENT

There are six basic measurements which are used in physics ‑ length, mass, time, temperature, electrical charge, and luminosity. Most other measurements are derived from these base quantities.

These activities are designed to lead students to an understanding of the first four basic measurements (length, mass, time, and temperature) and to develop the necessary measurement skills.

A.
A BASIC MEASUREMENT: THE DISTANCE BETWEEN TWO POINTS CAN BE MEASURED AND MAY BE NAMED LENGTH. WIDTH. HEIGHT, RADIUS OR DIAMETER

Since accurate measuring of distance is a prerequisite for many other measurements, several activities are included. It is important to establish a firm base of knowledge and skills for later use.

The concept that distance between two points can be measured is introduced. Standard and non‑standard units of measurement are developed. In addition, techniques for measuring curved distances are developed.

Naive Ideas:
a. 
A number is a complete measurement and labels are riot important.

1. 
Activity: “How Can You Use Your Body To Measure Other Objects?”

2. 
Activity: “Using Our Bodies To Measure Other Objects.”

3. 
Activity: “Body Parts As Measuring Tools.”

4. 
Activity: “How Do You Measure the Length Of a Curved Line?”

5. 
Activity: “Can You Find Your Body’s Metric Measurements?”

B. 
MASS IS THE QUANTITY OF MATTER WHICH CAN BE MEASURED ON A BALANCE

Mass is the amount or quantity of matter in an object. Students will frequently say that it is “how much stuff” there is in an object. The mass of an object can be compared to “non‑standard” objects or it can be compared to or “measured” by standard objects. The standard unit of mass is the kilogram. Mass is the quantity which may be measured with a balance.

These activities are designed to 1) teach the students how to build a balance device 2) compare the mass of two objects, 3) measure the mass of objects in non‑standard units, and 4) measure the mass of objects in standard units.

In teaching these ideas, it may be necessary to confront and overcome these misconceptions.

Naive Ideas:
a. 
Mass and weight are the same and they are equal at all times.

b. 
Mass is a quantity that you get by weighing an object.

c. 
Mass and volume are the same concept.

d. 
Mass is solely a metric system measurement. Weight is solely an English system measurement.

1 
Activity: “Building a Cardboard Balance To Use In Measuring Mass.”

2. 
Activity: “Using a Balance To Measure Mass In ‘Standard’ and ‘Non‑S tandard’ Units.”

3. 
Activity “Can You Measure Mass With Paper Clips or Grains Of Rice?”

4. 
Discussion ‑ Focus On Physics: “Mass versus Weight.”

MEASUREMENT
2WL
WORKSHOP LEADER’S PLANNING GUIDE

BASIC MEASUREMENT  2

C.
TIME IS THE DURATION OF AN EVENT

Time is one of the basic quantities of measurement. It may describe an event such as: “What time is lunch?” or “When were you born?” Time is also important in terms of measuring an interval such as: “How old are you?”, “How long have you lived here?”, and “How long is this class?” Time intervals are more widely used in physical measurements since the absolute time is usually not required and often not known. Time intervals are also required for speed, velocity, acceleration, and force calculations.

Students often have misconceptions about time, they may feel that there is only one way to measure time and that is with a clock. Students may also have misconceptions about the accuracy of their senses when it comes to judging time. The senses are not infallible and often are not at all reliable for judging time intervals.

The activities in this section are designed to confront these misconceptions. Additional discussion topics for advanced students in upper grades are: “Can time go backward?” or “Is time the fourth dimension?” Also, consider with students that the beginning of time is arbitrary and may start at any point.

Naive Ideas:

a. The only way to measure time is with a clock or watch. b. Time has an absolute beginning.

1. 
Discussion:   “What Different Ways Can Be Used To Measure Time?”

2. 
Activity “How Can a Short Time Interval Be Measured?”

3. 
Discussion:   “How Can Time Be Measured With a Computer?”

4. 
Activity “How Can a Short Time Interval Be Measured With a Pendulum?”

D.
TEMPERATURE IS THE RELATIVE HOTNESS OR COLDNESS OF AN OBJECT WHICH CAN BE MEASURED WITH A THERMOMETER

Temperature is the relative hotness or coldness of an object. While we can make some approximate judgments or decisions about temperature by using our senses, scientists find that precision and consistency are impossible to establish without instruments. We can, for example, tell a warm day from a cold day. But, we cannot accurately tell a 90 OF day from a 92 OF day.

To measure temperature, we use the thermometer. This instrument allows one to obtain consistent and replicable measurements. In this section, activities which compare the relative hotness and coldness of objects and which measure this quantity with a thermometer are introduced.

Naive Ideas:

a. 
The five senses are infallible. b. Heat and temperature are the same concept. c. Heat is a substance. d. Cold is the opposite of heat and another substance.

1. Activity:  “How CanYou Use Your Body To Measure Temperature?”

2. Activity:  “What Is the Temperature?”

3. Activity:  “Marking a Thermometer.”
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HOW CAN YOU USE YOUR BODY TO MEASURE OTHER OBJECTS?

Materials:
selected objects in the room to measure


pencils

1.
Estimate the measurement (in terms of the unit to be used) of classroom objects such as your desk, the chalkboard, room width, etc. Record your estimate on the Data Table.

2.
Measure the object as accurately as you can using the unit show. Record the result on the Data Table.

3.
Complete by finding the difference between estimate and actual measurement. Record the results on the Data Table.

4.
Why is it convenient to be able to measure with body pans?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
What is one disadvantage of measuring with body parts?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

	Object
	Object
	Object
	Object
	Object

	Measured
	Measured
	Measured
	Measured
	Measured

	 
	Hand
	 
	 
	 

	 
	Hand
	 
	 
	 

	 
	Span
	 
	 
	 

	 
	Span
	 
	 
	 

	 
	Cubit
	 
	 
	 

	 
	Cubit
	 
	 
	 

	 
	Foot
	 
	 
	 

	 
	Foot
	 
	 
	 

	 
	Pace
	 
	 
	 

	 
	Pace
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HOW CAN YOU USE YOUR BODY TO MEASURE OTHER OBJECTS?

IDEA:


PROCESS SKILLS:

Ile distance between two points can be


Communicating

measured using non‑standard units.


Measuring




Inferring

LEVEL: L


DURATION: 35 Min.

STUDENT BACKGROUND:
Student should demonstrate understanding ding of terms used on card as they pertain to measuring (hand, span, cubiL, foot, pace.) Students 
need to understand mechanics of measuring (i.e., each unit must just touch the preceding and following unit with no spaces, no overlapping).

ADVANCE PREPARATION:
Review rules of measurement insofar as it pertains to non‑standard 
units. (2B1F). Either demonstrate yourself or have students demonstrate the proper way to use hand, span, cubit, foot, and pace to 
measure a distance. See diagrams on pages 3, 4, and 5 for term 
definitions. Decide whether you want students to work individually, in pairs, or in groups.

MANAGEMENT TIPS:
In fourth or fifth grade (self‑contained), this activity and its 
extensions may be used as learning centers to be worked on in the student’s free time. 
Set a time limit and check to be sure everyone has some time to work


On it​

RESPONSES TO

SOME QUESTIONS:
4.
You always have them with you.


5.
People come in different sizes so the measurements are not



standard.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Using body parts to measure is convenient because you always have


them with you.


The reason we don’t use body parts is that everyone is different in


size.

POSSIBLE EXTENSIONS:
1.
Use similar procedure to measure with paper clips, pencils,



clothespins, or whatever!


2.
Repeat measurements with English units and metric units.
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                            A CUBIT
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USING OUR BODIES TO MEASURE OTHER OBJECTS

Materials:
large index cards


pencils

1. 
Carefully and neatly, set up a large index card like the example shown.

	Object
	Number
	Number
	Number
	Number

	Measured
	of Hands
	of Spans
	of Feet
	of Cubits

	Desktop
	 
	 
	 
	 

	Chalkboard
	 
	 
	 
	 

	Bookshelf
	 
	 
	 
	 


2. 
Select either hand, span, foot, or cubit to measure the objects. Record the data in the appropriate column.

3. 
Use the information below to complete the chart.


1 Span
2 hands


1 Foot 
3 hands


1 Cubit
5 hands
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USING OUR BODIES TO MEASURE OTHER OBJECTS

IDEA:
PROCESS SKILLS:

The distance between two points can be
Communicating

measured. It is often necessary to convert
Measuring

measurement from one unit to another unit.
Inferring


Interpreting Data


Defining Operationally

LEVEL: L/U
DURATION: 35 min.

STUDENT BACKGROUND:
Students should have had some experience in measuring distance using body parts (Activity #1). Students should have an understanding of fractions.

ADVANCE PREPARATION:
Review measuring rules (1B1F) Review or introduce measuring with body parts as units. See sketches defining hand, span, foot, and cubit on page 2AI TN.

MANAGEMENT TIPS:
This activity may be done as a class during one period of time, or it may be set up, introduced and demonstrated, and then used a freetime activity to be done over 2 or 3 days. If done as a free time activity, be sure to set a time limit or due date. Have student groups choose different units. Discuss conversion procedures.

RESPONSES TO

SOME QUESTIONS:
1. Sample Results

	Object
	Number
	Number
	Number
	Number

	Measured
	of Hands
	of Spans
	of Feet
	of Cubits

	Desktop
	8
	4
	2 2/3
	1 3/5

	Chalkboard
	20
	10
	6 2/3
	4

	Bookshelf
	9
	4 1/2
	3
	1 4/5



(Not all equivalents will be completed, especially at the lower levels).

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Lead children to infer that sometimes one unit of measurement is


more convenient than another, although not necessarily more


accurate.

POSSIBLE EXTENSIONS:
Higher levels will be able to do all conversions using fractions or decimals.

MEASUREMENT
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BODY PARTS AS MEASURING TOOLS

Materials:
rolls of adding machine tape


scissors


pencil


paper

1.
Make a measuring tape ten hands long using a strip of adding machine tape and marking off each hand width.

[image: image1.png]



2.
Measure the three objects as accurately as you can. Fill in the following chart. Remember a measurement must include a number and a unit.

	 
	My
	Classmate 1
	Classmate 2

	Object
	Measurement
	Measurement
	Measurement

	 
	(hands)
	(         )
	(         )

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 


3. 
Why aren’t the measurements all the same?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

4. 
How can we make them all the same?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
After class discussion, repeat the measurements in #2 using the “Queen’s Hand” supplied by the teacher. Record your measurements in the table below.

	 
	My
	Classmate 1
	Classmate 2

	Object
	Measurement
	Measurement
	Measurement

	 
	(hands)
	(         )
	(         )

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 


6.
Briefly explain the advantage(s) of using the “Queen’s Hand” tape for measurements.

7.
Fold the tape so that the 0 mark and 10 Mark are aligned. Do any other marks on the tape line up?


Which numbered marks in the chart below lie above each other?

	
	My Tape Aligned Well
	Queen's Hand Aligned Well

	1, 9
	 
	 

	2, 8
	 
	 

	3, 7
	 
	 

	4, 6
	 
	 


MEASUREMENT
2A3TN

BODY PARTS AS MEASURING TOOLS

IDEA:

PROCESS SKILLS:

The distance between two points can be

Observing

measured. Measurements will vary

Communicating

greatly unless standardized.

Measuring



Inferring



Replicating Procedures

LEVEL: L

DURATION: 45 Min.

STUDENT BACKGROUND:
None (2A1 and 2A2 would be helpful).

ADVANCE PREPARATION:
Have strips of adding machine tape already cut to approximately 1 1/2 meters. Review measuring rules 1B1F See sketches 2A1TN for hand definition. For Queen’s hand in item 5, precut hand outline from tagboard for each activity group. See page 3 for template.

MANAGEMENT TIPS:
It’s helpful for students to work in pairs when making hand ruler.

RESPONSES TO

SOME QUESTIONS:
3. 
Students’ hands are not the same size.


4.
Decide on one student’s hand as a standard for all to use.


6.
Standardized unit yields more consistent results which are reproducible. Communicating measurements is done easily.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Communicating accurate information requires standard measurement.


Follow up by deciding upon one student’s hand as a standard.


reproduces this standard tape and compares measurements.

POSSIBLE EXTENSIONS:
Illustrate what could happen without standard measurement, i.e., building houses, making clothes, making maps etc.

MEASUREMENT
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QUEEN’S HAND MASTER
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MEASUREMENT
2A4

HOW DO YOU MEASURE THE LENGTH OF A CURVED LINE?

Materials:
string, thin %ire, pipe cleaner or similar materials


metric ruler


pencil

1. 
Estimate the length of each curved line below and record your estimate.

2. 
Measure each of these curved lines. Record your measurements.
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    Estimated ____________
  Estimated ____________


    Measured ____________
  Measured ____________
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    Estimated ____________
  Estimated ____________


    Measured ____________
  Measured ____________

3. 
What units did you record?


_______________________________________________________________________________________________

MEASUREMENT
2A4TN

HOW DO YOU MEASURE THE LENGTH OF A CURVED LINE?

IDEA:


PROCESS SKILLS:

We can measure the length of a


Observing

curved line.


Communicating




Measuring

LEVEL: L/U


DURATION: 25 Min.

STUDENT BACKGROUND:
Knowledge of and practice with a standard system of distance,


Measurement

ADVANCE PREPARATION:
Review measurement rules 1B1F. Have lengths of non‑stretchable,


flexible cord or string available.

MANAGEMENT TIPS:
1.
Begin with a curved line on the chalkboard.


2.
Ask the class how they would measure the length of the chalk 
line on the board.


3.
Generate a discussion.


4.
Allow experimenting.


5.
If necessary, ask if there is anything in the room that would help 
them.


6.
Demonstrate by using string to measure the curved line, mark the string, and measure the string with a standard device.


7.
Distribute worksheets for student completion.


8.
This activity might work in pairs.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
It is possible to measure distances other than straight lines.

POSSIBLE EXTENSIONS:
How are distances along winding country or mountain roads


measured? Manuring any curved line such as head, waist, etc. is a


use of this concept.

MEASUREMENT
2A5

CAN YOU FIND YOUR BODY’S METRIC MEASUREMENTS?

Materials:
tape rneasure (metric)


pencil

1. 
You should work in pairs. Each person will both measure and be measured

2. 
Fill in information requested. Give this sheet to the person in your group who will write down your measurements.

	Body Part
	Self
	Partner

	Head
	 
	 

	Neck
	 
	 

	Wrist
	 
	 

	Foot, Ankle
	 
	 

	Height
	 
	 



Compare your metric measurements with those of your partner for similar body parts.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
2A5TN

CAN YOU FIND YOUR BODY’S METRIC MEASUREMENTS?

IDEA: 
PROCESS SKILLS:

We can measure the curved distances and express
Communicating

that measurement in metric units. 
Measuring

LEVEL: L
DURATION: 40 Min.

STUDENT BACKGROUND:
Practice with measuring ‑ preferably activities 2A1, 2A2, 2A3, 2A4, or similar.

ADVANCE PREPARATION:
Enough tape measures for each group of 3 students. Discuss the



measurement rules 1B1F. IF.

MANAGEMENT TIPS:
Depending on your class, you may want to assign teams to avoid any



problems.

RESPONSES TO

SOME QUESTIONS:

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION: 
Curved lines can be measured.

POSSIBLE EXTENSIONS:
Measure diameter, heights, etc. of other objects.

MEASUREMENT
2B1

BUILDING A CARDBOARD BALANCE TO USE IN MEASURING MASS

Materials:
   metric ruler
   pencil


   piece of cardboard, 40 cm x 4 cm 
   cellophane tape


3 paperclips
2 small paper cups


1 large nail 10 cm or so in length 
   paper clips, and dried beans


2 large books (such as dictionaries) of the same height


2 each of small objects ‑ coins, washers (114 inch, flat),

1
Measure the cardboard marking it at the top and bottom at the 1 cm, 20 cm, and 39 cm points.

2.
Draw a line from top to bottom at the 1 cm, 20 cm, and 39 cm points connecting the top and bottom marks.

3.
Attach a small paper cup to the cardboard strip at the I cm mark. Repeat the procedure at the 39 cm mark.


(Partially straightened paper clips may be used to hold small cups on balance beam).

4.
In the middle of the line which you have drawn at the 20 cm point, push the nail through the cardboard so that approximately 4 cm of nail are on each side of the cardboard.

5.
Stand the two books on end so that they will not fall. Place them far enough apart so that each end of the nail can rest on a book‑ Place your cardboard strip, with cups attached and nail stuck through it, between the two books.

6.
What did you observe? Is the cardboard strip balanced (level)? If it is not “in balance,” place a sliding paperclip on the appropriate side to bring about balance. You have created a balance, a device for measuring an object’s mass.


_______________________________________________________________________________________________

7.
Place a dried bean (or M & M) in one cup. Observe what happens. Record your observations.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

8.
Is the cardboard strip “in balance”? Remove the first dried bean (or M & M) now and place a dried bean (or M & M) in each of the two cups. Observe what happens. Record what you see. Is the cardboard strip “in balance”?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

9.
Remove the dried beans (or M & Ms). Place a coin in one cup and a paper clip in the other cup. Observe what happens. Which end of the balance tipped down?


_______________________________________________________________________________________________

10.
Remove the coin and paper clip. Place a washer in one cup and a dried bean (or M & M) in the other cup. Observe what happens. Which end of the balance tipped down?

11.
The object with the greater mass tips the balance down. Test the following items to determine which has the greater mass.

	Item 1
	Item 2
	Greater Mass

	Paper Clip
	Washer
	 

	Paper Clip
	Dried Bean
	 

	Washer
	Penny
	 

	Penny
	Paper Clip
	 

	Old Penny
	New Penny
	 

	Dried Bean
	Washer
	 

	Styrofoam "Peanut"
	Washer
	 


MEASUREMENT
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BUILDING A CARDBOARD BALANCE TO USE IN MEASURING MASS  2

12.
From thew comparisons, what can you conclude about the masses of objects placed in the cups on your cardboard balance?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

13.
Based on the evidence above, rank the items ( Question 11) from most massive item to least massive item.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

14.
The styrofoam peanut takes up more space than the washer. Which has more mass?


_______________________________________________________________________________________________


Can you make a statement which relates mass and volume?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
2B1TN

BUILDING A CARDBOARD BALANCE TO USE IN MEASURING MASS

IDEA:

PROCESS SKILLS:

Balances may be used to compare the masses

Observing

of two objects.

Communicating



Inferring



Interpreting Data

LEVEL: L/U

DURATION: 40 Min.

STUDENT BACKGROUND:
Students should know how to measure distance with a metric ruler. Students should be informed that mass is the quantity of matter in an object. In their words, it is the measure of how much “stuff’ there is 
in an object. They should be informed that the mass of an object remains the same wherever its measurement is taken.

ADVANCE PREPARATION:
For a demonstration, one set of materials:


1 
metric ruler, pencil, 



cardboard strip (40 cm x 4 cm)



cellophane tape, two small paper cups, 


1 
large nail (1 cm or so in length), 


2 
large books of equal height, and 



2 
each of assorted objects (paper clips, pencils, coins, rings, etc.)



Ideally, enough sets of materials should be available to enable students to work in groups of 2‑3. 


You need to prepare the strips of cardboard in advance being very careful in measuring their length (40 cm). All paper clips should be of equal size. Pencils should be new, unsharpened of equal length. Washers should be uniform in size. M & M’s may also be used.

MANAGEMENT TIPS:
Build a cardboard balance before using this activity to try to anticipate problems. This balance should be displayed as students 
are building their balance. The nail must be in the center of the 
cardboard strip’s length. Time must be spent explaining how to adjust the balance so that the beam ‑is horizontal or “in balance”. 
The cardboard balance will be sensitive enough to find the year when the 
penny composition changed from solely copper to copper clad zinc.

RESPONSES TO

SOME QUESTIONS:

7.
The dried bean in the cup will cause the balance to go down on 
that end.



8.
The cups should be “in balance” if uniformly sized dried beans were placed in the cups.



9.
The coin end goes down.



12.
Greater mass will “over balance” lesser mass.



13.
Students’ answers depend on the items used. Students may 
compare pairs on their balances.



14.
Mass and Volume are not directly related.

POINTS TO EMTHASIZE IN

THE SUMMARY DISCUSSION:
1. 
A balance may be used to compare the masses of objects.


2. 
Objects of equal mass cause the strip to stay “in balance”.

MEASUREMENT
2B1TN

BUILDING A CARDBOARD BALANCE TO USE IN MEASURING MASS  2

POSSIBLE EXTENSIONS:
The next activity will involve measuring the mass of an item in non​ 
standard units with the use of a balance. The effects of placement of pivot nail hole (higher or lower) may be examined.


A balance may be built for more massive objects if a “V” shaped 
balance beam is used. The cardboard beams may be scored before students receive them.


A more durable balance may be made using plexiglas for the balance 
beam. This model allows measurement or comparison of more massive objects.


Students may be challenged to build a better balance. Can the 
cardboard beam be altered so that more massive objects may be used? Can you improve the pan suspension system? Should other materials be used for balance parts?

MEASUREMENT
2B2

USING A BALANCE TO MEASURE MASS IN “STANDARD” AND “NON‑STANDARD” UNITS

Materials:
beam balance (student‑made balance like cardboard balance can be used)


quantity of one size metal washers (114 inch,flat)


pennies, M & M’s, or small paper clips (quantity of I ‑gram metric masses can be substituted)


small objects such as a pencil, coin, ring, piece of chalk, large paper clip, pen, etc.

1.
Place a pencil in one of the cups of the balance. In the other cup, place a metal washer. Continue to place washers in the second cup until the beam is “in balance”. 


How many washers were placed in the second cup to 
balance the pencil?  __________washers.


The mass of the pencil is equal to the mass of ____________ metal washers. Empty the cups.

2.
Place a ring in one cup. Following the procedure in step 1, place washers in the second cup until the beam is “in


balance”. 


How many washers were needed to balance the cup with the ring in it?  ____________ washers. 


The mass of the ring is equal to the mass of ___________ metal washers.

3.
Empty the cups. Place the pencil in a cup. This time place 1 ‑ gram metric masses in the second cup, one at a time, until the beam is “in balance”. 


How many 1‑gram masses were needed to balance the cup with the pencil? ___________  


The mass of the pencil is equal to ___________ 1 ‑gram masses. 


The mass measure of the pencil equals ___________ gram masses.

4.
Measure the mass of the following items, first in washers (or M & M’ s), then in grams. Record your answers in the following chart:

	
	MASS
	 

	 
	(           )
	(Grams)

	piece of chalk
	 
	 

	ring
	 
	 

	large paper clip
	 
	 

	coin
	 
	 

	ring
	 
	 

	pen
	 
	 


5.
Although the mass of an object can be compared to or measured by different units (washers, etc.), a standard unit for measuring mass is the gram. Your future studies in science will use this unit.

MEASUREMENT
2B2TN

USING A BALANCE TO MEASURE MASS IN “STANDARD” AND “NON‑STANDARD” UNITS

IDEA:

PROCESS SKILLS:

Mass is the quantity which may be

Observing

measured on a balance.

Communicating



Measuring

LEVEL: U

DURATION: 35 Min.

STUDENT BACKGROUND:
The students should have had some experience with balances. They


should be reminded that mass is the quantity of matter in an object


(how much “staff” is in an object).

ADVANCE PREPARATION:
For a demonstration, one set of materials will be needed. Ideally,


enough sets of materials should be available to enable students to


work in groups of 2‑3. You may need to check each beam balance to


ascertain that it is working correctly (Is the beam swinging freely


without becoming stuck? Is it “in balance” with nothing on the


cups?) The washers should be of a small size and can be obtained


from a hardware store. Using washers with large masses would make


it difficult to measure small objects.

MANAGEMENT TIPS:
Students should slowly place (not drop) washers or gram masses in


the trays when attempting to “balance” the item being measured.


Gram masses are available from science supply companies. Plastic cubes


(1cm x 1 cm x 1 cm) having mass of 1 gram are available in lots of 1,000.


A nickel may be substituted for a five gram mass.


Try the activities in advance to predict probable answers. Use


caution if M & M’s are used. Problems with diabetic students may


exist.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
A balance may be used to compare the mass of an object with 
the total mass of many types of units (washers, pennies, M&Ms, 
gram masses).


2.

Mass may be measured in non‑standard units (washers).


3. 

Mass may be measured in standard units such as a gram.

POSSIBLE EXTENSIONS:
Students may find, even with small washers, that there is not an exact


“balance” for some objects. You may wish to extend the measurement to include partial units of mass made of small bits of paper, cardboard, etc.


If M & M’s is the unit, students may easily split an M & M into “halves” or smaller parts.

MEASUREMENTS
2B3

CAN YOU MEASURE MASS WITH PAPER CLIPS OR GRAINS OF RICE?

Materials:
balance


a bag of long grain rice


paper clips (small)


objects to be massed (coin, pencil, ring, envelope, large paper clips, etc).

1 . 
Check your balance to be certain that it is adjusted property.

2.
Find the mass of one of your paper clips in terms of grains of rice. One paper clip equals
grains


of rice. You will use this knowledge in your activities.

3.
Mass the items listed in the chart using paper clips as the standard mass. Record your findings in the chart. Repeat this process with grains of rice..

	
	MASS CHART
	

	Item
	Paper Clips
	Grains of Rice

	1. large paper clip
	 
	 

	2. penny
	 
	 

	3. nickel
	 
	 

	4. quarter
	 
	 

	5. dollar bill
	 
	 

	6. 3 x 5 card
	 
	 

	7. metal washer
	 
	 

	8. credit card
	 
	 

	9. pencil
	 
	 

	10. plastic spoon
	 
	 


4. Compare your answers with those of another group. Why are your answers different from other groups?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
2B3TN

CAN YOU MEASURE MASS WITH PAPER CLIPS OR GRAINS OF RICE?

IDEA:


PROCESS SKILLS:

The mass of objects can be measured


Observing

using non‑standard units.


Communicating




Measuring

LEVEL: L/U


DURATION: 35 Min.

STUDENT BACKGROUND:
The students should have completed the activities related to mass. The students should have some experience with a balance.

ADVANCE PREPARATION:
Enough sets of materials should be ready for students to work in 
groups of 2‑3 Test the balances in advance.

MANAGEMENT TIPS:
The teacher should place the paper clips and grains of rice in zip lock 
bags. Have students “zero” balance before starting activity.

RESPONSES TO

SOME QUESTIONS:
4.
Difference in mass of paper clips or grains of rice. Limitations of balance may also be a factor.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

POSSIBLE EXTENSIONS:

MEASUREMENT
2B4F

FOCUS ON PHYSICS

MASS VERSUS WEIGHT

(Demo/Discussion)

In the general language, the terms mass and weigh are often used synonymously; however, they are different.

mass ‑ the quantity of matter in an object.

weight ‑ a measure of the gravitational force that acts on an object’s mass.

To illustrate this difference, consider a person sitting in the classroom. This person is made up of a certain amount of matter or has a certain mass. The person is gravitationally attracted to the earth. This gravitational force is the person’s weight. But suppose this person is transported to the moon and try to answer the following questions:

1.
Is the person still comprised of the same quantity of matter ‑ the same amount of “stuff” (Yes).

2.
So does the person still have the same mass? (Yes).

3.
Is the force of gravity acting upon the person the same as it was on the earth’s surface? (No, the force of gravity acting on an object on the moon’s surface is much less (about 1/6) than on the surface of the earth).

4.
Is the person’s weight the same on the moon? (No, the person would weigh less since the gravitational force is much less).

Because an object is made up of the same amount of matter regardless of its location in the universe, its mass is a constant. The weight of the object, however, depends on the strength of the gravitational field in which the object is located.

The mass of an object is measured in KILOGRAMS in the metric system (SI) and in SLUGS in the English system. A BALANCE is the instrument used to measure the mass of an object. Using a balance, it is possible to find the mass of an object by comparing the amount of matter in the object with the amount of matter in objects of known mass.

PLAN TO DEMONSTRATE THE USE OF A DOUBLE PAN BALANCE
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Weight being a force, is measured in NEWTONS in the metric system (SI) or in POUNDS in the English system. A SCALE is the instrument used to measure the weight of an object. By suspending an object from a spring scale, it is possible to measure the force of gravity acting on the object which is the object’s weight.

MEASUREMENT
2B4F

PLAN TO DEMONSTRATE THE USE OF A SPRING SCALE
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As mentioned earlier, the terms mass and weight are often (incorrectly) used interchangeably. This may be explained because a direct relationship between the mass of an object and its weight does exist. This relationship may be discovered by conducting the activity, “Comparing Mass and Weight” or can be demonstrated as follows:

DEMONSTRATION


Materials: 
Object A …..0.5 kg mass



Object B …..1.0 kg mass

1.
Suspend each mass from a spring scale and read its weight in newtons. Record information on the data table under MASS AND WEIGHT ON EARTH.

	
	Mass and Weight on Earth 
	Mass and Weight on Moon 
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	  Mass (kg)           Weight (Newtons)
	  Mass (kg)           Weight (Newtons)

	Object A
	 
	 

	Object B
	 
	 


2.
Notice that object B has twice the mass of object A and weighs twice as much.

3.
Now suppose that these two objects were taken to the moon along with a balance and spring scale. Predict the mass and weight of A and B on the surface of the moon by completing the appropriate columns on the table.

4.
The mass of A would still be 0.5 kg and the mass of B would still be 1.0 kg since the amount of matter in each object has not changed. But the weight of A would be only about one‑sixth of its weight on earth, or about 0.83 newtons since the moon’s gravitational field is only about one‑sixth as strong as the earth’s.

For the same reason, object B would only weigh about one‑sixth as much, or about 1.66 Newton. Notice, however, that on the moon the weight of B is still twice the weight of A, The greater the mass of an object, the greater the gravitational force acting on the object and hence, the greater its weight. Suppose we had a 2.0 kg mass:

1.
How does its mass compare to the mass of A and B? (Its mass is four times that of A and twice that of B).

2.
What would it weigh on earth? (About 20 newtons).

3.
How does this compare with the weight of A and B on earth? (It weighs 4 times as much as A and twice as much as B).

4.
How much would it weigh on the moon? (About 3.33 newtons, one‑sixth of its weight on earth).

5.
How does this compare with the weight of A and B on the moon? (It weighs four times as much as A and twice as much as B). On the moon? (About 3.3 newtons).

Another reason for the confusion between mass and weight stems from the following conversion factor found in many science textbooks:

1.0 pound =.45 kilograms

This factor implies that POUNDS and KILOGRAMS are both units that measure the same quantity, when in actuality, the POUND is a unit of weight (or force) and the KILOGRAM is a unit of mass. How is such a conversion possible? Are there restrictions on how or when it can be used? To find out, let’s again consider Objects A and B. In the Earth Data Table 

MEASUREMENT
2B4F

PLAN TO DEMONSTRATE THE USE OF A SPRING SCALE  2
below, fill in the first two columns with data from the table on the previous page. Then use a spring scale (or baby scale, or 

postage scale) calibrated in pounds to measure and express the weight of Object A and Object B in POUNDS. Record in the third column of the Earth Data table. EARTH DATA

	Earth Data

	Mass
	Weight
	Conversion

	(kg)
	(Newtons)
	(lbs.)
	Factor

	Object A
	 
	 
	 

	Object B
	 
	 
	 


Now analyze the data in the above table to determine if the conversion I lb. = .45 kg is true on the surface ‑ of the earth. To do this, divide the mass in kg of each object by the weight in pounds actually measured for the object. The conversion factors for both objects should be about .45 kg/lb.

Is this conversion factor true for objects on the surface of the moon? To find out, complete the Moon Data table below, and compute the conversion factor for both objects as you did above.

	Moon Data

	Mass
	Weight
	Conversion

	(kg)
	(Newtons)
	(lbs.)
	Factor

	Object A
	 
	 
	 

	Object B
	 
	 
	 


You should find that the conversion factor on the moon is different from the one on earth.

In summary, there is a relationship between mass and weight, although these units do not measure the same physical quantity. For a given place in the universe, it is possible to convert between these units if you know the correct conversion factor.

As teachers, it is important that we use correct terminology with our students. One should not tell students to go and .weigh” something on the balance. Students may be told to “determine the mass of the object using the balance” OR “mass the object using the balance.”

MEASUREMENT
2C1D

WHAT DIFFERENT WAYS CAN BE USED TO MEASURE TIME?


(Discussion)

Materials: 
one blank overhead transparency

This transparency activity introduces the measurement of Lime. Most students already have a familiarity with time intervals measured in hours, years, etc., and absolute time such as when they started school (5 years old), when they get out of school each day,

Time may be divided into long time intervals and short time intervals. Explain that long time is longer than one hour and short time less than one hour. Have the students suggest ways to measure both long Lime intervals and short time intervals‑ Students may suggest some very interesting ways. Consider them all. Encourage students to contribute. List student ideas on the transparency. Some instruments for measuring short time intervals are: clock/watch, stopwatch, heartbeat, pendulum swing, atomic clock and an eggtimer. Some instruments for measuring long time intervals are: clock, hourglass, moon (phases), sun (day, seasons, year), and tree rings.

The full cycle of the phases of the moon can be considered as one way of measuring longer time intervals. In the picture below the positions of the moon are drawn around the earth. Discuss the shape that the moon would appear to an observer on earth, and how the changing apparent shape can be used to measure the passage of time.
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If possible, have a collection of different timing devices to demonstrate or discuss, such as: stopwatch, sundial, pictures of Stonehenge, interesting clocks, eggtimer, across section of a tree with rings, etc.

Emphasize that time intervals are measured many different ways. Close by mentioning that you will measure some short intervals in class using some of the instruments.

MEASUREMENT
2C2

HOW CAN A SHORT TIME INTERVAL BE MEASURED?
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Materials:
recorded song 


pendulum 


stopwatch

1.
Try to find your pulse by using your fingers on your wrist or neck.


Can you count your heart beats? ____________You will use your heart beat to measure the time the song plays.

2.
The teacher will play the tape. As you listen to the song, try to measure the length of time it takes for the song to play by counting the number of heart beats. What number do you get? ____________

3.
Try it again as the teacher plays the song again. Write down your number. ____________

4.
Now do some vigorous exercise such as jumping jacks or running in place. Now use your pulse to time the song. Write down your number. ____________

5.
Do you think that the heart beat is a good way to measure time? Explain.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
Can you think of a better way to measure time?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

7.
Most times are measured using the second. Time the song that the teacher plays using the stopwatch.


Record your time in scconds _______________.



Repeat your measurement as the teacher plays the song again, writing down the time _______________.

8. 
Which is better to use in measuring a short time interval, your heartbeat or a stopwatch? ______________
Why?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

9.
Another way to time the song would be using a pendulum. Swing a pendulum by pulling it a short distance. observe motion. As the teacher plays the song, count the number of complete swings of the pendulum. How many swings did you count? _______________

10.

Try this again, as the teacher plays the song. What do you get? _______________

11.

Do you think the pendulum is a good way to measure time? _______________  Explain how a clock with a


pendulum could be used to keep time.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
2C2TN

HOW CAN A SHORT TIME INTERVAL BE MEASURED?

IDEA:
PROCESS SKILLS:

Time is the duration of an event.
Observing


Communicating


Measuring


Interpreting Data

LEVEL: L
DURATION: 40 Min.

STUDENT BACKGROUND:
Students should know about different ways to measure time. Students will be trying out methods to measure a short time.

ADVANCE PREPARATION:
Have a song on record or tape, 30 to 60 seconds long. Arrange a


pendulum for each group of 2 of 3 students. Each group should also


have a stopwatch.


Plan a vigorous activity that students can use for raising the rate of


the heart beat.

MANAGEMENT TIPS: 
The teacher will have to control the song so that all groups can


benefit. This will take some planning. Some students will have to


be helped to take their pulse.


Participants need instruction about starting, stopping, and resetting


stopwatches. They need practice reading times between 50 and 70


seconds. display format changes at 1 minute.

RESPONSES TO

SOME QUESTIONS:

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Emphasize that time is being measured by heartbeats, pendulum, and


record on a stopwatch. Encourage students to share ideas on #5, #6,


and # 12.

POSSIBLE EXTENSIONS:
Have students convert their measurement of song time from pendulum swings to seconds by doing the following calculations:
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Compare the result to the answer obtained when the song was timed with a stopwatch.

MEASUREMENT
2C3D

HOW CAN TIME BE MEASURED WITH A COMPUTER?

(Discussion)

Materials: 
computer disk

This is written for an Apple ][‑e Program. It may be adapted for other computers.

1.
Put disk in computer. Turn on. Operate the computer as a timer by typing RUN TIMING. (You will need to type in program and save it as TIMING before workshop).

2.
Program:

10
PRINT “TIMING PROGRAM”

15 PRINT “HOW MUCH DO YOU WISH THE COMPUTER TO COUNT?.”;

20 INPUT A

25 FOR X= 1 TO A

30 NEXT X

35 FOR Y= 1 TO 10

40 PRINT CHR $ (7)

45 NEXT Y

50 PRINT “DO YOU WISH TO COUNT MORE?”

55 INPUT AS

60 IF A$‑‑ “YES” GOTO 15

65 END

3.
Computer will count to almost any number. Just set up computer and bell will ring when done.

4.
The computer may be calibrated. Try different values of X by entering different numbers when the computer asks “How much do you want to count?” Time from when you press Enter Key until the bell rings.

5.
Alter program to provide audible tone at regular intervals. This tone may be heard and counted while an event is watched. Try this program.

10 PRINT “TIMING PROGRAM’

20 PRINT “COUNTING INTERVAL”;

30 INPUT A

40 FOR X = 1 to A

50 NEXT X

60 PRINT CHR $(7)

70

80 GO TO 40

90 END

MEASUREMENT
2C4

HOW CAN A SHORT TIME INTERVAL BE MEASURED WITH A PENDULUM?
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Materials: 
3 pendulums of different lengths 


recorded song 


ring stand 


stopwatch washers

1 . 
A pendulum will be used to measure the time for a song to play. Listen to the song as the teacher plays it.

2.
Select a medium length pendulum and hang it from the ring stand with the mass down. Set it swinging by 
pulling it out a small amount. Observe the pendulum as it swings. Stop the pendulum.

3.
When the teacher begins the song, pull the pendulum out and let go. Count the number of swings and write the answer in the chart. Repeat this activity twice and enter the numbers below.

	Trial
	Swings

	1
	 

	2
	 

	3
	 


4.
Which trial was your best? Why?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
Do you think the pendulum is a reliable way to measure time? Are you aware, of any instrument that uses the pendulum to measure time? What is the instrument?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
Usually time is measured in seconds. Use a stopwatch to ‑ measure the time for 10 complete swings of the


pendulum. Be careful to start the watch when the pendulum starts to swing and stop the watch at the end of 10


swings. Do this activity 3 times. Put your numbers in the chart below.

	Trial
	Time for 10 swings

	1
	 

	2
	 

	3
	 


7. Which trial was your best? Why?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

8.
Now test the pendulum by pulling it further to the side (amplitude) and measuring the number of seconds for 10 swings. Write your numbers below.

	Trial
	Time for 10 swings

	1
	 

	2
	 

	3
	 


9.
Based on the evidence in your table, what can you conclude about amplitude and time for 10 swings?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
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10.
Now test the pendulum with different masses by adding washers to the end of the pendulum and measuring the Lime for 10 swings. Put your answers in the chart

	Mass
	Time for 10 Swings

	 
	Trial 1
	 

	 
	Trial 2
	 

	1 Washer
	Trial 3
	 

	 
	Trial 4
	 

	 
	Average
	 

	 
	Trial 1
	 

	 
	Trial 2
	 

	3 Washers
	Trial 3
	 

	 
	Trial 4
	 

	 
	Average
	 

	 
	Trial 1
	 

	 
	Trial 2
	 

	6 Washers
	Trial 3
	 

	 
	Trial 4
	 

	 
	Average
	 


11.
Make a general statement about the number of seconds for 10 swings for different numbers of washers (masses) on the end.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

12. To further investigate the pendulum, see how the length affects the time for 10 swings. Try a short pendulum and then try a long pendulum, recording the times in the chart below.

	Mass
	Time for 10 Swings

	 
	Trial 1
	 

	 
	Trial 2
	 

	__________ m
	Trial 3
	 

	 
	Trial 4
	 

	 
	Average
	 

	 
	Trial 1
	 

	 
	Trial 2
	 

	__________ m
	Trial 3
	 

	 
	Trial 4
	 

	 
	Average
	 


13.
What do you conclude about the length of pendulum and time for 10 swings?


_______________________________________________________________________________________________

14.
Make a general statement about how length of the string, mass of the object, and size of the swing change time for 10 swings.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

15.
How would you adjust a Grandfather clock to run faster? Slower?


_______________________________________________________________________________________________

MEASUREMENT
2C4TN

HOW CAN A SHORT TIME INTERVAL BE MEASURED WITH A PENDULUM?

IDEA:

PROCESS SKILLS
Time is the duration of an event.

Observing



Communicating



Measuring



Identifying and Controlling Variables

LEVEL: U

DURATION: 40 Min.

STUDENT BACKGROUND:
Students should have discussed ways of measuring short time


intervals. This activity will make use of several ways.

ADVANCED PREPARATION:
Select a song on a record or tape that is 2 to 3 minutes long. Have enough pendulums so that each group of 2 or 3 students will have 3 pendulums. Suspend them from a bar held by a ring stand. Arrange a way to easily 
add more washers to the string. Tape additional washers on the side of 
the first 3 washers. Try the activity before the students do it. Explain that length of string is distance from where it is attached to middle of suspen​ ded mass. Mention that 15’ is a large displacement for a pendulum.


This may be participants’ first experience with a data table and 
controlling variables. Time should be on: the importance of 
changing only one variable at a time; the need to average repeated trials for best results; and the value of record keeping and labels.

MANAGEMENT TIPS:
Encourage good laboratory measuring skills. One student operates 
the stopwatch, and one the pendulum. Both can count the pendulum 
swings. Remind students not to swing the pendulum through too 
large of an are, except for #8. Be sure masses are firmly attached at 
the end of string. The washers should be uniform in size and mass.

RESPONSES TO

SOME QUESTIONS:
5. 
(2nd Question) ‑ Grandfather clock.


9.
The amplitude has (little) effect on the time for 10 swings.


11.
The size of swing and the number of washers should make no difference in time for 10 swings.


13.
The longer the pendulum, the longer the time for 10 swings.


14.
The time for 10 swings depends only on the length, not on mass.


15.
By moving the mass at the end of the pendulum to change the length of the pendulum.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Emphasize that there are many ways to measure time. The standard way is using a clock with seconds. The pendulum, a non‑standard way is easily used. The results from the pendulum can be converted to seconds. The time for the pendulum to make 10 swings does not depend on mass or size of swing (unless it is very large). The time   only depends on the length of the pendulum. The longer the pendulum, the longer the time for 10 swings.

MEASUREMENT
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POSSIBLE EXTENSIONS:
The computer may be used to count. It can then be calibrated in


seconds, minutes, or hours. See the computer activity.


There is a mathematical relationship for the pendulum which


involves period, of length and gravitational acceleration.
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T is period of pendulum (sec).


l is length of pendulum.


g is 980 cm/sec2
MEASUREMENT
2D1

HOW CAN YOU USE YOUR BODY TO MEASURE TEMPERATURE?

Materials:
paper towels


4‑one pound coffee cans filled with cold water


4‑one pound coffee cans filled with warm water


ice cubes

1.
Our skin tells us whether something is hot or cold. When we go outdoors, our skin tells that it is a hot day or a cold day.

2.
Our skin does not help as tell small differences in temperature. Examples: 1) person with slight fever vs. high fever. or 2) How hot is it today? Is it hotter than yesterday?

3.
Fill two cans with water, one a little warmer than the other. Dip a finger in each to determine which seems warmer. Change hands and dip fingers. Which seems warmer now?


_______________________________________________________________________________________________

4.
Hold ice in one of your hands. After holding the ice as long as you can stand it, plunge your hand into a can of cold tap water. Does the water in the can feel cold or warm? Why?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
Dip your fingers into a pan of warm water, then plunge them into cold Lap water. What do you experience?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
Walk outside the building. Is it warmer outside the building than inside? _______________


Do you think it is warmer or cooler in the shade of a tree on a warm day? _______________.

7.
Discuss: How can you tell the difference between “hot” and “cold”?


What do you think “hot” means?


_______________________________________________________________________________________________


_______________________________________________________________________________________________


Can you accurately judge temperature with your senses?


_______________________________________________________________________________________________


_______________________________________________________________________________________________


How precise are judgements made with your senses?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

8.
Temperature is the way we measure the relative hotness or coldness. Why do we need to measure this?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
2D1TN

HOW CAN YOU USE YOUR BODY TO MEASURE TEMPERATURE?

IDEA:
PROCESS SKILLS:

Temperature is the relative hotness or
Observing

coldness of an object which can be measured

with a thermometer.

LEVEL: L
DURATION: 35 Min.

STUDENT BACKGROUND:
Students should bring a concept of “hot” and “cold” temperature to the discussion.

ADVANCE PREPARATION:
Connect and organize the materials for the activity. Ideally, you should have enough sets of materials for students to work in groups of 3‑4. You need a source of warm water.

MANAGEMENT TIPS:
8.
Temperature helps us make decisions about our health, weather, 
etc.

RESPONSES TO SOME QUESTIONS:

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Our senses tell us, in general, the difference between hot and cold.


2. 

Our senses can be fooled. They are not always accurate.

POSSIBLE EXTENSIONS:

MEASUREMENT
2D2

WHAT IS THE TEMPERATURE?

Materials:
paper towels


calibrated thermometers (Celcius and Fahrenheit)


activity sheets


coffee cans


ice


source of water


source of warm water (coffeepot)


wall clock

1.
Look at your thermometer. It is marked or calibrated. Compare the two sides of calibrations. One side is the “F” or Fahrenheit scale. On the other side is the “C” or Celsius scale.

2. 
What is the current reading of the thermometer now? __________0F and __________
0C. This is the room temperature.

3.
Run water from the tap into a coffee can. Place the thermometer bulb into the water. After three minutes, read


the temperature. Record the temperature for each scale: __________0F and __________0C.

4.
Empty the coffee can. Run warm water into the can. Place the thermometer, bulb end, into the water. After


three minutes, record the temperature for each scale: __________0F and __________ 0C.

5.
Empty the water from coffee can. Fill the can half full of ice. Add a small amount of water. Carefully put the


thermometer into the ice so that the bulb is completely covered with ice and water. After three minutes,


record the temperature readings: __________0F and __________0C.

6.
Dry the water from the thermometer with a paper towel. Hold the bulb end of the thermometer in your closed fist for three minutes. Try to keep air from getting to the bulb. After three minutes record the temperature readings from the two scales: __________0F and __________0C.

7.
Indicate which has the higher temperature.


A. Ice or tap water? 
_______________


B. Room temperature or ice? 
_______________


C. Fist or warm water? 
_______________


D. Warm water or room temperature? 
_______________


E. Ice or warm water?
_______________

8.
Based on your findings, list the items measured from lowest to highest temperature.


        Object
    Temperature

1.
_______________
_______________



2.
_______________
_______________

3. 
_______________
_______________

4. 
_______________
_______________

5.
_______________
_______________

9.
Compare your findings for #5 with the findings of other groups. Were they the same or did they vary? Why would they vary?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
2D2TN

WHAT IS THE TEMPERATURE?

IDEA:
PROCESS SKILLS:

Temperature is the relative hotness or
Observing

coldness which can be measured
Measuring

by a thermometer.

LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:
The students should have a concept of the relative nature of hot and cold temperatures and how a thermometer is used.

ADVANCE PREPARATION:
Have enough sets of materials for students to work in groups of 2‑3. Try the activities yourself before having the students complete them. Have thermometers with dual calibration (Fahrenheit and Celsius).

MANAGEMENT TIPS:
Caution students about care of delicate glass thermometers. Mercury


spills require special clean up procedures. Hands are easily cut on


broken glass. Alcohol thermometers are available from science


supply companies.

RESPONSES TO

SOME QUESTIONS:
5. 
Should be close to OOC.( 320F).


6.
Should be close to 980F.


7.
A
tap water



B. 
room temperature



C. 
fist, probably



E. 
warm water

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
A thermometer measures tempera=.


2. 
The standard unit of measurement for temperature: is the degree.


3.
Two commonly used temperature scales are Fahrenheit and 
Celsius.


4.
The temperature of an object depends on environmental conditions.

POSSIBLE EXTENSIONS:
The activity in which students calibrate their own thermometers is a logical extension.

MEASUREMENT
2D3

MARKING A THERMOMETER

Materials:
non‑calibrated thermometers


coffee cans


ice


paper towels


pencils


source of tap water


activity sheets


medium point felt‑tip pens


calibrated thermometers


wall clock

1.
Look at your thermometer and observe where the red line inside the thermometer ends. Place a mark on the thermometer at this point. This is the room temperature mark.

2.
Hold the thermometer with the bulb enclosed in your hand. This should make the bulb get warmer. Hold the thermometer for three minutes. Now observe where the red line ends and mark it with a pen. This is the body temperature mark. Is it closer to the bulb than the room temperature mark? ____________

3. 
Place the bulb end of the thermometer into a can of ice and water. Leave it in the can for three minutes. Take the theermometer out after three minutes and immediately observe the red line. Mark the thermometer at the end of the red line. This is the freezing mark. Is this mark closer to the bulb than the room temperature mark? ____________ 


Is it closer to the bulb than the body temperature mark? ____________

4.
Place the bulb end of the thermometer in a can of water from the tap and let it sit for three minutes. Observe where the end of the red line is and mark it with your pen. This is the cool water mark. How does it compare to the freezing mark?


_______________________________________________________________________________________________


How does it compare to the body temperature mark?


_______________________________________________________________________________________________

5.
Holding the thermometer which you have calibrated next to one which came with calibrations, compare the marks. If the two room temperature marks are placed next to each other, do the freezing marks match? ____________


(Is your freezing mark at or near 00C?) If you place both of the thermometers into the can of tap water, do the cool water marks match? ____________ You have done the beginning steps in creating a thermometer that can be used in the future to make comparisons. Scientists used similar procedures to establish the degree marks on a thermometer.

6.

How could you complete the calibration of your thermometer?


_______________________________________________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
2D3TN

MARKING A THERMOMETER

IDEA:

PROCESS SKILLS:

Temperature is the relative hotness or

Observing

coldness which may be measured

Measuring

by a thermometer.

LEVEL: U

DURATION: 35 Min.

STUDENT BACKGROUND:
The students should have some general knowledge of “hot”, “cold”, “temperature”, and “thermometer”.

ADVANCE PREPARATION:
Collect all of the materials needed. Ideally, you should have enough 
sets of materials for students to work in groups of 2‑3.

MANAGEMENT TIPS:
Try this activity in advance. Get markers that do not wash off of the thermometers easily. Be certain that the students do not squeeze and 
break the thermometers when determining “body temperature.” The 
students may reed to “dab” the thermometer dry after the ice and 
water activities to enable the pens to mark on a dry surface.

RESPONSES TO

SOME QUESTIONS:
2.
No


3.
Yes, Yes


4.
Warmer, further away from the bulb.


6.
Since room and body temperature are not fixed points, another fixed point like the boiling temperature of water is needed. After two fixed points are established, equal divisions may be 
marked on thermometer.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Relative hotness or coldness of objects can be compared by the movement of the “red line” in the thermometer.


2. 
Simple procedures yield a reasonable measurement tool.

POSSIBLE EXTENSIONS:

MEASUREMENT
3WL

WORKSHOP LEADER’S PLANNING GUIDE

DERIVED MEASUREMENTS

In the previous section, the four basic (quantities) measurements ‑ distance between two points, mass, time and temperature were developed. In this section, we will expand from these basic measurements to the various derived quantities usually used in physics. In this section, these will include perimeter, area, surface area, volume, weight, and density.

The activities that follow build upon the knowledge and skills gained in the previous section. Students must understand the concept of basic measurements before beginning this section.

A.
PERIMETER IS THE SUM OF THE LENGTHS OF THE SIDES OF A POLYGON. 


CIRCUMFERENCE IS A SPECIAL KIND OF PERIMETER

Prerequisite: Firm foundation in measuring distance.

Prerequisite: Understanding of the terms perimeter and circumference.

The measurement of perimeters is an extension of the concept of measuring distances.

Naive Ideas:
a. 
The five senses are infallible. 

b. 
There is only one way to measure perimeter.

1. 
Activity “How Do You Measure Perimeter?”

B.
AREA IS THE SURFACE INCLUDED WITHIN A POLYGON OR CIRCLE,


Prerequisite: Understanding the concept of area.


Area is measured in unit squares. Accuracy depends upon the figure, size of the unit square, and the measuring device.

Naive Ideas:

a. 
Measurement is only linear. 


b. 
Any quantity can be measured as accurately as you would like.


c. 
Only rectangular shapes can be measured in square units.


1. 
Activity: “How Do You Measure Area With a Grid?”


2. 
Activity: “How Do You Measure Area With a Ruler?”

C.

VOLUME IS THE SPACE ENCLOSED WITHIN A THREE DIMENSIONAL OBJECT


Prerequisite: Understanding the concept of linear measurement and area calculations.


Volume is the space within a three dimensional object, or the amount of space occupied by an object. Through direct or indirect measurement, the volume of various objects can be calculated or inferred. Volume is reported in unit cubes. The cubic centimeter (I centimeter in width by I centimeter in height by 1 centimeter in length) is a common unit for measuring volume. By definition, one cubic centimeter equals one milliliter. The milliliter is often used to measure liquid volume.

These activities are designed to:


1.
introduce the concept of volume.


2.
introduce the concept of cubic units.


3.
teach the student how to find the volume of regular objects or figures (cube, rectangular solid, cylinder, and triangular prism).


4.
teach the student how to find the volume of an odd‑shaped object or a regular object by water displacement.

MEASUREMENT
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Naive Ideas:
a. 
Volume and mass are the same quantity.

b. 
You cannot measure the volume of some irregularly shaped objects using water displacement.

c. 
An object’ s volume is greater in water than in air.

d. 
It is easier to find volume in the English system am in the metric system.

1 
Activity:  “What Is Volume?”

2. 
Focus on Physics: Cubic Centimeters and Milliliters.

3. 
Activity: “How Can You Find Volume By Using Formulas?”

4. 
Activity: “How Can You Find the Volume Of an Object By Water Displacement?”

5. 
Activity: “How Accurate Is the Water Displacement Method For Measuring Volume?”

D.
DENSITY IS THE COMPACTNESS OF MATTER FOUND By DIVIDING THE MASS By ITS VOLUME
Prerequisite: Understanding the concept of mass, volume and ratios.

The density of an object is, literally, its mass to volume ratio. An object that has a large mass for its size (such as a car battery or a lead bullet) has a high density. An object that has a small mass for the amount of space it takes up (such as a fishing cork) has a low density. The density of an object can be determined by dividing its mass by its volume (Density = mass/volume). Every material has a constant density, regardless of the amount of the material present. Thus, determination of density is often used as a way to identify unknown materials.

Naive Ideas:
a. 
Density of an object depends only on its volume. 

b. 
Density for a given volume is always the same. 

c. 
Density of two samples of the same substance with different volumes or shapes cannot be the same.

1. 
Activity: Obtaining a Derived Measurement.


This activity is written for the upper grades. It can be extended for more advanced students as time allows.

MEASUREMENT
3A1

HOW DO YOU MEASURE PERIMETER?

Materials:
standard metric rulers, or meter sticks


string


assorted two dimensional geometric flgures


pencil and paper

Perimeter is the sum of the lengths of individual sides of a polygon. Circumference is the distance around a circle or other curved, closed figure.

1 .
First, estimate the perimeter (or circumference) of each geometric figure. Next, measure its perimeter and record in the data chart below.



Figure
Estimated Perimeter
Measured Perimeter

A. 
Triangle
_________
_________

B. 
Square
_________
_________

C. 
Rectangle
_________
_________

D. 
Circle
_________
_________

E. 
Irregular
_________
_________

2.
What units did you record?


_______________________________________________________________________________________________

3.
How many ways did you find to measure perimeter? List them.


_______________________________________________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________

4.
What is different about the various methods that you listed above?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
How did you measure the circumference of the circle?


_______________________________________________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
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HOW DO YOU MEASURE PERIMETER?

IDEA:
PROCESS SKILLS:

You can measure the perimeter of a closed figure
Observing

in various ways.
Communicating


Measuring

LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:
Students must be secure in their knowledge of how to measure linear distance.

ADVANCE PREPARATION:
Review measurement rules (1B1F).


Provide standard measuring device of whichever system you choose. Using oaktag, heavy cardboard or similar material, make the following geometric shapes:


a.
 triangle


b. 
square


c. 
rectangle


d. 
circle


e. 
irregular shape (one or more)

MANAGEMENT TIPS:
Be size students know what a perimeter and circumference are and give several examples. Emphasize the importance of estimating and 
remind students that. there may be more than one way to find a perimeter. These measurements are not complete without a unit attached.

RESPONSES TO

SOME QUESTIONS:
Questions 3, 4, and 5:


Various answers will be supplied by the students.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
There are other ways to find perimeter or circumference. The most


common way is to measure each side and add these measurements.

POSSIBLE EXTENSIONS:

MEASUREMENT
3B1

HOW DO YOU MEASURE AREA WITH A GRID?

Materials:
transparent grid


pencil

1. 
Lay the grid over each figure below.

2. 
Count the tiles needed to cover the surface of the figure.

3. 
If less than half a tile is inside the figure, do not count it.

4.
If more than half a tile is inside the figure, count it.
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5. Is this an accurate way of measuring? Explain.
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HOW DO YOU MEASURE AREA WITH A GRID?

IDEA:

PROCESS SKILLS:

Area can be measured in unit squares.

Communicating



Measuring



Predicting

LEVEL: L

DURATION: 15 min.

STUDENT BACKGROUND:
Students need to know the concept of area.

ADVANCE PREPARATION:
You will need enough transparent grids for each student. Grids of any


reasonable size unit square will work for this activity. See page 3 for


transparency master. Cut the transparent grid into four equal parts.


You may want to prepare an overhead transparency with a grid


overlay as an example.

MANAGEMENT TIPS: 
Explain and discuss area. Give several examples.


Demonstrate on the chalkboard or with the transparency of a figure and an overlay of the grid.


Two activity sheets:


1. 
curved figures


2. 
right angle (square & rectangles)

RESPONSES TO

SOME QUESTIONS:
5. 
No, because of the units that are not whole.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Areas may be determined for all two‑dimensional geometric shapes by 
this method.

POSSIBLE EXTENSIONS:
Measure areas of the figures using a grid with smaller unit areas. For


example, if you used a 1 cm2 grid, use a 1/4 cm2 grid. The smaller


the square unit of the grid, the more accurate the measurement.

MEASUREMENT
3B2

HOW DO YOU MEASURE AREA WITH A RULER?

Materials:
transparent grid of 1 cm x 1 cm squares


 metric ruler marked in centimeters 


pencil

1. Place the transparent grid over the rectangle and measure the area.
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2. 
What is the area of the rectangle in centimeter squares (or squared centimeters)?

3. 
In your own words, explain how you obtained the above area.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

4. 
Use the metric ruler to measure the length and height of the rectangle in centimeters.


The length equals _______________.    The height equals _______________.

5. 
What relationship exists between your answer in 2 and the numbers in 4?


_______________________________________________________________________________________________

6. 
What conclusion can you draw?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
3B2TN

HOW DO YOU MEASURE AREA WITH A RULER?

IDEA:
PROCESS SKILLS:

Area can be measured in unit squares. The area
Observing

of a rectangle can be calculated by multiplying the
Measuring

length measurement by the height measurement.
Inferring

LEVEL: U
DURATION: 25 Min.

STUDENT BACKGROUND:
Students should be able to read a ruler divided in centimeters.

ADVANCE PREPARATION:
Review measurement rules (1B1F).

MANAGEMENT TIPS:
Rectangle provided for the students needs to be 10 cm by 5 cm.

RESPONSES TO

SOME QUESTIONS:
2. 
50 square centimeters.


3.
A typical answer will be: “Count the number of squares inside the rectangle.”


4.
Length = 10 cm; Height = 5 cm. Correct answers must include units.


5.
The product of the measurements in 4 is the same as answer for 2.


6.
Length x height = area.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
An easy way to find the area of a rectangles is to multiply the length x height.

POSSIBLE EXTENSIONS:
Try method on different size rectangles, then on other figures such as


a right triangle.

MEASUREMENT
3C1

WHAT IS VOLUME?

Materials: 
sugar cubes

1.
Build a figure with sugar cubes, that is two sugar cubes long, two sugar cubes wide, and three sugar cubes high.
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2.
How many sugar cubes were needed to build this figure? __________

3.
Multiply the length times the width times the height of the figure. What do you get? 2 x 2 x 3 = __________

4.
Compare your answer in question two with that in question three.


_______________________________________________________________________________________________

5.
Build a figure four sugar cubes long by three sugar cubes wide, and two sugar cubes high.

6.
How many sugar cubes did you use to build this figure? __________
7.
Multiply the length times the width times the height. What do you get? 4 x 3 x 2 = __________

8.
Compare your answers in questions six and seven.


_______________________________________________________________________________________________

9.
Create a third rectangular solid. Complete the following:


Total cubes used by actual count = __________


Volume calculated by multiplying length x width x height = __________


Were your answers the same? __________


Would they be the same if each sugar cube was not the same size? __________

10. 
What have you discovered about finding the volume of a rectangular solid?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
3C1TN

WHAT IS VOLUME?

IDEA:


PROCESS SKILLS:

Volume is the space enclosed within a three‑


Observing

dimensional object.


Communicating




Inferring

LEVEL: L/U


DURATION: 20 min.

STUDENT BACKGROUND:
The students should be comfortable with the concept of linear distance.

ADVANCE PREPARATION:
Obtain sufficient sugar cubes for students to work individually or in 
groups of two. Thirty to fifty cubes are required per individual or group.


Discussion:


1.
Volume is the space enclosed within a three‑dimensional object 
(one that has length, width, and height).


2.
We measure volume of an object or figure in unit cubes. A unit cube (such as a cubic centimeter) has a width, length, and height of one unit. Volume consists of unit cubes in the object,

MANAGEMENT TIPS:
For the purposes of this activity, it does not matter if the comers of some cubes are broken off.

RESPONSES TO

SOME QUESTIONS:
2. 
12


3.
12


4.
They are the same.


6.
24


7.
24


8.
They are the same.


9.
Answers vary. Yes.


10.
V = l x w x h

POINTS TO EMTHASIZE IN

THE SUMMARY DISCUSSION:
1 .
The amount of space enclosed within a three‑dimensional object



is called its volume.


2.
Volume is measured in cubic units.


3.
The volume of an object is determined by counting the number of cubic units in it.


4.
A rule or formula for finding the volume of any rectangular solid is: volume = length x width x height.

POSSIBLE EXTENSIONS:
For upper grades, you may wish to give students solid figures and rulers,


and have them measure each in centimeters and calculate the volume.

MEASUREMENT
3C2F

FOCUS ON PHYSICS

CUBIC CENTIMETERS AND MILLILITERS

The amount of space an object takes up is called its volume. Familiar units of volume include gallons, quarts, pints and ounces in the English system of measurement, and liters, milliliters, and cubic centimeters (also known as “cc’s) in the Metric system.

Two objects of equal mass may have very different volumes. For example, one gram of Styrofoam takes up considerably more space, or volume, than does one gram of lead. Conversely, two materials that have equal volumes do not necessarily have equal masses. One pint of sand, for example, is substantially more massive than one pint of cotton. To illustrate this, you can fill school milk cartons with cotton and sand, then place them on opposite pans of a balance to compare their masses!

To find the volume of regularly shaped object, you can measure the dimensions of the object, and then use a mathematical formula to calculate the object’s volume. Suppose you wanted to determine the volume of a rectangular solid such as a brick‑ You could use a ruler to measure the length, width, and height of the brick, and then multiply these together to find the volume. (Volume = Length x Width x Height) Volume is thus derived from measurements of length. Notice in the example illustrated below that the. units of volume are cm3 (or cubic centimeters or cc’s).
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       V = L x W x H

       V = 40 cm x 12 cm x 10 cm

       V = 4800 cm3
The volume of a liquid can be measured by pouring it into a container that is marked with volume graduations. An example of such a container is a measuring cup. In the science lab, a container called a graduated cylinder is commonly used to measure volume. Most graduated cylinders indicate the liquid volume in milliliters (mL). In reading a graduated cylinder, one should always be at eye level with the liquid surface. One millimeter (mL) is the same volume as one cubic centimeter (cm3)

MEASUREMENT
3C3

HOW CAN YOU FIND VOLUME BY USING FORMULAS?

Materials:
pencil


geometric figures (2 cylinders, 1 triangular prism)

1 . 
Volume is the space enclosed in a three‑dimensional object.

2.
The volume of a rectangular solid can be found by finding the area of its base (area = length x width) and multiplying that by the height


Area = length x width


Volume = length x width x height


Volume = area of base x. height

3.
We can transfer this idea to other regular solids or figures.

A.
A cylinder is a “circular” figure with length (show examples from various angles). Have the students find cylinders in the room or among their hand‑outs.


Using this idea we can find the volume of a cylinder by multiplying the area of its base by its height. What kind of shape is its base? ____________. How do we find the area of a circle? _______________

Example A:
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Radius = 2.0 m


Height= 6.0 m


For this cylinder we would say:


Volume = (area of base) x height


Volume = ( π r2) x h


Volume = (3.14 x 2.0 m x 2.0 m) x 6.0 m


Volume = 75.36 m3 = 75 m3

Example B:
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Is this figure a cylinder? __________. What is its height? __________. Calculate its volume. __________.

Calculate the volume for the two cylinders you have been given.

MEASUREMENT
3C3

HOW CAN YOU FIND VOLUME BY USING FORMULAS?  2

B. 
The figure below is a triangular prism. It has a triangle for a base. We can extend our “area of base” times 

height idea to this figure to find its volume.

[image: image29.jpg]



Volume = (area of base) x height


Volume = ( 1/2 x b x a) x height of prism


Volume = (1/2 x 6 cm x 3 cm) x 10 cm


Volume = 90 cm3

Using this idea or formula, calculate the volume of this figure (transparency).


Determine the volume for the triangular prism you have been given.


SUMMARIZE:

The volume of a regular solid can be found by the formula​


Volume = (area of base) x height.

4. 
A cylinder has a ____________ for a base. Therefore, the area of the base is found by multiplying

5. 
A triangular prism has a ____________ for a base. Therefore, the area of the base is found by multiplying: __________.
6. 
The specific formula for calculating the volume of a cylinder is:


V = _____________ x height.

7. 
The specific formula for calculating the volume of a triangular prism is:


V = _____________ x height of prism


Teacher’s Transparencies: rectangular solid, cylinder, triangular prisms

MEASUREMENT
3C3TN

HOW CAN YOU FIND VOLUME BY USING FORMULAS?

IDEA:

PROCESS SKILLS:

Volume is the space enclosed in a three‑


Observing

dimensional object.

LEVEL: U

DURATION: 45 Min.

STUDENT BACKGROUND:
The students should have some knowledge of the concept of


volume. They should have completed activity 3C1


Have transparencies and an overhead projector for your


discussion.

ADVANCE PREPARATION:

MANAGEMENT TIPS:
Having some solid figures (cylinders and pyramids) to pass out to the students or provide patterns to let the students make their own.

RESPONSES TO

SOME QUESTIONS:
3. 
circle, A = π r2

4. 
circle, π r2

5. 
triangle, 1/2 x b x a


7. 
1/2 x b x a

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The volumes for a rectangular solid, a cylinder, and a 
rectangular prism can be found by finding the area of the 
base and multiplying that by the figure’s height.

POSSIBLE EXTENSIONS:
Have students bring objects which are regular geometric 
solids to class (tin cans, cereal boxes, pyramid‑shaped 
paperweight, etc.) and find their volumes.

MEASUREMENT 
3C4

HOW CAN YOU FIND THE VOLUME OF AN OBJECT BY WATER DISPLACEMENT?

Materials:
graduated cylinder (50 ml)


water source


small objects (marble, coin, metal washer, ring, piece of chalk, small rock)

1 .
Fill the graduated cylinder with 30 milliliters of water by adding water slowly until the bottom of the curve of the water is at the 30 milliliter mark.

2.
Place the marble into the water and read the new level of the water on the graduated cylinder. 

The new reading is: _______________ milliliters. 

What was the original reading? _______________ (milliliters). 

How much total volume, water and marble, is now in the cylinder? _______________ milliliter. 

If you started with _______________ milliliters, and now have _______________ milliliters, how many milliliters of volume did we add when the marble was placed in the cylinder? _______________  

Therefore, the volume of the marble is _______________ milliliters  (cubic centimeters).

3.
Empty the graduated cylinder. Again, add water to the. 20 millilimeters mark. Repeat the procedure above, but


this time use one of the other objects. What is the total volume (water and object)? _______________

What is the volume of the water? _______________

What is the volume of the object? _______________
4.
In your words, explain the way to measure the volume of an object by use of a graduated cylinder?


_______________________________________________________________________________________________


_______________________________________________________________________________________________


How could a rule or formula be stated ?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
Using the idea which you have discovered, determine the volume of three of the following items:

	
	Volume in Milliliters

	  Object
	(Cubic Centimeter)

	ring
	 

	metal
	 

	washer
	 

	coin
	 

	piece of chalk
	 

	rock
	 

	paper clip
	 


MEASUREMENT

3C4TN

HOW CAN YOU FIND THE VOLUME OF AN OBJECT BY WATER DISPLACEMENT?

IDEA:
PROCESS SKILLS:

Volume is the space enclosed within a
Observing

three dimensional object. The volume
Measuring

of irregular shaped objects can be obtained
Inferring

by water displacement.

LEVEL: U
DURATION: 25 min.

STUDENT BACKGROUND:
Students need to be familiar with the concept of volume. They must 
understand the relation between cubic centimeters and milliliters. 
They must know that two objects cannot occupy the same space (or 
volume) at the same time. The students must be able to correctly read a graduated cylinder.

ADVANCE PREPARATION:
Obtain sufficient graduated cylinders and small objects for student 
groups of 2 or 3. Graduated cylinders may be 25 ml or 50 ml. The 
50 ml are a convenient size for most objects. The items supplied 
must fit in the graduated cylinder. Plastic graduated cylinders will save breakage.

MANAGEMENT TIPS:
Remind students to get at eye level with the liquid surface, and read 
the volume to the bottom of the liquid meniscus.

RESPONSES TO

SOME QUESTIONS:
4.
Answers will vary but should include the idea that the difference 
in water volumes represents the volume of the object.

POINTS TO EMPHASIZE

IN THE SUMMARY:
The best way to find the volume of irregularly shaped objects is by 
water displacement.

POSSIBLE EXTENSIONS:
Students could find the volume of an irregularly shaped object that 
floats. Find the volume of items stuck in the bottom of test tubes.

MEASUREMENT
3C5

HOW ACCURATE IS THE WATER DISPLACEMENT METHOD FOR MEASURING VOLUME?
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Materials:
metric ruler


pencil


paper


graduated cylinder


overflow can


water source


“regular” objects (cube, rectangular solid, cylinder, etc.)


paper towels

1. 
Set the overflow can on top of a stack of books so that the spout is just above the top of the graduated cylinder.

2.
Slowly fill the overflow can to the point where it cannot hold more water without spilling over the spout.

3.
Very carefully, without touching the water with your fingers, lower the cube into the can of water. Gently, drop the cube and let it sink to the bottom.

4.
Observe that water has been displaced from the overflow can into the graduated cylinder. Measure the


displaced water by reading its level in the graduated cylinder. There are _______________ milliliters of water in


the graduated cylinder. (Remember that one milliliter of water equals one cubic centimeter of volume).

5.
Carefully remove the cube from the can, empty the graduated cylinder, and re‑fill the overflow can to the point of overflowing. Once again, carefully place the cube into the overflow can. Measure the amount of water displaced into the graduated cylinder. What is the volume of water in the graduated cylinder? _______________ milliliters. Is this the same answer recorded in step 4? ____________ If not, why not?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.

Repeat the measurement again and average the 3 results. Average milliliteers of water displaced by the object _______________
7.
Remove the cube from the overflow can and dry it with a paper towel. Using a metric ruler, measure the length (the distance) of its edges. If it is a true cube, all of its edges (length, width, height) will be equal. Record the length of the cube in centimeters: _______________
8.

Using the formula for the volume of a cube (V = s3 or V = l x w x h), calculate the volume of this cube. _______________

Did you get the same answer by this method as you did by the water displacement method? _______________ (Remember, one milliliter of water equals one cubic centimeter of volume). If not, re‑measure the dimensions of the cube and re‑calculate its volume by the use of the formula. Are the calculated volumes the same?


_______________________________________________________________________________________________

9.
Measure and calculate the volume of the rectangular solid, the triangular prism, and the cylinder by both methods, water displacement and formula, and record the findings in the chart Be very careful and accurate in your measurements.

	
	Volume Measured 
	Volume Calculated
	

	Object
	By Water Displacement
	By Formula
	Difference

	Rectangular solid
	 
	 
	 

	cylinder
	 
	 
	 

	triangle prism
	 
	 
	 


Volume of rectangular solid:
V = l x w x h

Volume of cylinder‑
V = π r2h

Volume of triangular prism:
V = 1/2 x b x a x h

MEASUREMENT
3C5

HOW ACCURATE IS THE WATER DISPLACEMENT METHOD FOR MEASURING VOLUME?  2
10. 
What conclusion can you make about these two methods of determining volume?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

11. 
Which method do you think is the best?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

12. 
When would the water displacement method be difficult to use?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

13. 
When would the formula method be difficult to use?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

MEASUREMENT
3C5TN

HOW ACCURATE IS THE WATER DISPLACEMENT METHOD FOR MEASURING VOLUME?

IDEA:
PROCESS SKILLS:

Volume is the space enclosed within a
Measuring

three‑dimensional object.
Using Numbers


Observing

LEVEL: U
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should have previous experience in measuring and 
computing the volume of regularly shaped solids, and in measuringliquid volume.

ADVANCE PREPARATION:
Overflow cans my be purchased from most science suppliers or 
homemade ones may be constructed. A simple overflow can can be made by: 

1. cutting the top off an empty quart or half gallon milk carton, 

2. cutting a 2‑inch segment from a plastic straw, and 

3. inserting the straw through a small hole in the side of the milk 
carton. Tape can be used to seal the straw in place and prevent leaking around the edges.

MANAGEMENT TIPS:
Stress that the initial water level in the overflow cans MUST be as 
high as possible without overflowing, otherwise results will be inaccurate.

RESPONSES TO

SOME QUESTIONS:
5. 
Answer should be the same as Question 4.


10.
Both methods should yield the same results.


12.
The water displacement method would not work for objects made of materials that dissolve in water.


13.
Formula method cannot be used for solids that are irregularly shaped.

MEASUREMENT
3D1

OBTAINING A DERIVED MEASUREMENT

Materials:
large steel cube


small steel cube


steel cylinder


aluminum cube equal in volume to small steel cube


piece of lead


2 milk cartons ‑ one with styrofoam bits and one with metal shot

1
Compare the two cubes of steel. One is much larger than the other. Put each steel cube on the balance and measure its mass. Record below.

2.
Next you will need the volume of each cube. Remember that volume is found by multiplying length by width by height. Measure the length, width, and height of each cube. Calculate the volume. Record volumes below.

	Cube
	Mass
	Length
	Width
	Height
	Volume
	Mass/Volume

	
	
	g
	cm
	cm
	cm
	cm3
	g/cm3

	Large
	 
	 
	 
	 
	 
	 
	 

	small
	 
	 
	 
	 
	 
	 
	 


3.
The two cubes have different mass and volume. However, they are both steel. Calculate the ratio of mass to volume. What do you notice about the ratios?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

4.
Let’s say that you are given a third steel cube.


FACT: This cube has a volume that is in between the volume of the two cubes you actually used.


a.
What fact can you state about the mass of this third steel cube? Explain your reasoning.



____________________________________________________________________________________________


b.
What do you think the ratio of the mass to volume for this third steel cube would be? Explain your reasoning.



____________________________________________________________________________________________



____________________________________________________________________________________________

5. 
What measuring device did you use to find the mass of the cubes?


_______________________________________________________________________________________________

6.
What measuring device did you use to find the length, height, and width of the cubes?


_______________________________________________________________________________________________

7.
How many measuring devices did you use to get the ratio of mass to volume for the steel cubes?


_______________________________________________________________________________________________

8.
How many measurements did you use to get the ratio of mass to volume?


_______________________________________________________________________________________________

9.
This ratio of mass to volume turns out to be a very important property of materials. It is called density. How many measurements did you use to get the density of the steel cubes?


_______________________________________________________________________________________________

10.
When more than one measurement is required to find a property of a material, it is called a derived measurement. Can you identify two or more measurements that are derived?


_______________________________________________________________________________________________

MEASUREMENT
3D1TN

OBTAINING A DERIVED MEASUREMENT

IDEA:

PROCESS SKILLS:

Density is compactness of matter found

Measuring

by dividing mass of an object by its volume.

Observing



Using Numbers



Inferring



Predicting

LEVEL: U

DURATION: 45 min

STUDENT BACKGROUND:
Students need to be familiar with the use of the balance. They need 
to be able to compute volume. They should be familiar with the 
terms steel, aluminum, wood, lead,, as names of substances.


Density is a difficult concept to get across to students. Sixth through


eighth graders should be able to cope with this activity. It may be


premature to introduce the concept in grades four and five.

ADVANCE PREPARATION:
A table of densities can be found in most Physics or Physical Science


textbooks or a handbook of physical constants. Density units are


typically grams/cm3.


      Density of Common Metals


  Metal

Density (g/cm3)

aluminum
2.7


copper
8.91


lead
11.35


nickel
8.95


nickel‑silver
8.8


silver
10.05


steel
7.96‑8.02


tin
7.29


zinc
6.7‑7.2

MANAGEMENT TIPS:
Review use of the balance (See Mass). Be sure the balance is “in 
balance”. Be sure that unknown objects are placed on the left side and 
that standard masses are placed on the right. Use gram masses.

RESPONSES TO

SOME QUESTIONS:
3. The ratio of mass to volume of a substance is the same no



matter what the size of the sample.



a.
The mass would be between the masses of the two cubes used.



b. 
The ratio of mass to volume would be the same.


5.
The balance was used to determine the mass of the cube.


6.
The metric ruler was used.


7.
Two devices, the balance and the metric ruler.


8.
Four measurements were required. Three length


9.
Same answer as #8.


10.

Answers will vary. Typical answers include speed, volume, specific heat, specific gravity, etc.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Some properties can only be obtained by derived measurements. The 
ratio of mass to volume is an important property of materials. It 
cannot be measured directly. In fact, six properties can be measured 
directly. Four have been treated in measurement.

POSSIBLEXTENSIONS:
Deal with other derived measurements such as speed.

MEASUREMENT  
4WL

WORKSHOP LEADER’S PLANNING GUIDE

INDIRECT MEASUREMENT

In science, very large objects (stars, galaxies) or very small objects (atoms, molecules) need to be measured. Because of their size or inaccessibility, these types of objects are measured indirectly. The concept of indirect measurement is a fundamental idea in science.

A .
SOME QUANTITIES CAN ONLY BE MEASURED BY INDIRECT METHODS BECAUSE OF THEIR SIZE AND INACCESSIBILITY.


Naive Ideas:
a. 
Some objects cannot be measured because of size or‑ inaccessibility. 
b. 
An object must be “touched” to measure it. 
c. 
A measuring device must be a physical object.

1. 
Activity/Demonstration: “Can You Measure a Line Drawn On The Board Without Leaving Your Desk?”


A guided activity using the graphical method of triangulations.

2. 
Activity:  “Can You Measure The Height Of a Flagpole Without Touching It?”


An activity using the graphical method of triangulation.

3. 
Actively: “Can You Measure The Volume Of an Irregularly Shaped Object?”


An activity using the water displacement method.

4. 
Activity:  “Can You Measure The Area Of An Irregularly Shaped Object By Determining Its Mass?”

Calculation of an area by measuring mass.

MEASUREMENT
4A0
Building and Using a Quadrant

Project ESTEEM (Earth Science Teachers Exploring Exemplary Materials) is one of several science education projects at the Center for Astrophysics. Project ESTEEM brings together earth science teachers from across the nation for workshops each summer. At those workshops, the teachers share activities. Then throughout the school year, they work as resource teachers, conducting workshops at science meetings. Glynn Delano of LeBlanc Middle School in Sulphur, Louisiana contributed this activity during the 1990 workshop.

In this activity students build a quadrant and then use it to measure latitude and the height of a tall object or building. (Math teachers may also want to use the quadrant when teaching plane geometry.)

MATERIALS

Large index cards 

protractors 

30 cm of string 

small metal washers 

tape large diameter drinking straw

PROCEDURE

1. 
With a protractor, draw a semicircle across the index card and label it 0 o at the center of the curve. (See Figure 1.) Label 15o, 30o, 45 o, 60 o, 75 o, and 90 o in both directions. Draw a straight line connecting the two 90o marks. 

2. 
Tie the washer to one end of the string. Make a small hole in the index card at the center of the straight line, and thread the loose end of the string through the hole. 

3. 
Tie the loose end of the string around the plastic straw. Tape the straw to the index card along the straight line. 

NOTE: A quadrant should contain only a 90 o arc. By extending the arc to 180 o, students may look through either end of the straw and get the same results. Thus, it works well for all students regardless of their eye and hand dominance.

[image: image2.png]Figure 1





4. 
Your quadrant can now be used to calculate your latitude in degrees.

‑ 
On a clear night, when Polaris, the North Star, is clearly visible, sight it while looking through either end of the straw. (Use the Big Dipper as a guide to help you find the North Star.)

‑ 
Hold the hanging string in position with your thumb and read the degree reading on your quadrant. This reading will be your approximate latitude.

‑ 
Record all of the findings of your class and take an average of all readings. The average may be even closer to your true latitude.

‑ 
Discuss with the class the possibility of sailing ships using this method for navigation.

MEASUREMENT
4A0
Building and Using a Quadrant  2

5. 
Use your quadrant to determine the actual height of an object. (See Figure 2.)

‑ 
Locate the object whose height you wish to find.

‑ 
Using your quadrant,, walk away from the object while sighting the top of the object through the straw. Continue walking until your string hangs at a 45o angle.

‑ 
Measure the distance from you to the bottom of the object, and measure the distance from your eyes to the ground, then add the two measurements together. This distance will be the height of the object in question.

6. 
Draw a picture of your activity on a sheet of paper. Be sure to show the object you measured, the height of the object, and the distance you were from the object. Have advanced students make scale drawings. If necessary, have the students check in their math text to find out how many degrees are in a triangle, then have them label each angle of their triangle in degrees. (See ABC in Figure 2.)
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EXTENSIONS

1. 
Draw a picture of yourself standing on the earth using the quadrant to find your present latitude. Your position on the earth and the location of the North Star are critical to your drawing. Good Luck!!

2. 
Could the people in the southern hemisphere use the quadrant to find their latitudinal position? Explain your answer and compare your thinking with others in your class.


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________

3.
Does the southern hemisphere have a “South Pole Star?”

​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________

4. 
Why can’t the quadrant be used to find longitude positions?


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________

MEASUREMENT
4A1D

CAN YOU MEASURE A LINE DRAWN ON

THE BOARD WITHOUT LEAVING YOUR DESK?

(Demonstration)

Draw a large right triangle on the board with the following measurements:

[image: image32.wmf]sec

?

min

sec

x

min

x

=

1

60

1

3


(Do not label the 14 cm vertical side ‑ this is what students are going to determine).

This a guided activity and the following are instructions that students are given.

1.
Draw a vertical line on your paper to represent the line on the board. Leave plenty of space on the left side of the line to do more drawing.

2.
Draw a horizontal line that connects to the base of the vertical line. The length of this line should be 4 cm long.
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3.
Your 4 cm line represents the 20 cm line on the board. This line is drawn to scale. Scale: 1 cm on paper equals 5 cm on the board.

4.
Measure an angle of 35 degrees from the end of the horizontal line.

5.
Draw a line from the horizontal line through the vertical to form a triangle.
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6.
Measure the length of the vertical from the base to where the 35 degree angle line crosses the vertical line. This should be about 2.8 cm.

7.
Now multiply this 2.8 cm by the scale 5 to get the height of the line on the board 5 x 2.8 x 5 cm = 14 cm.

8.
Repeat with other right triangles.

 MEASUREMENT
4A2

CAN YOU MEASURE THE HEIGHT OF A FLAGPOLE WITHOUT TOUCHING IT?

[image: image35.png]C/d=




Materials:
soda straw


string


protractor


metal washer


masking tape

1.
Assemble sextant by tying one end of a 10 cm string to the center of a protractor’s straight edge.

2.
Tie the other end to a metal washer.

3.
Tape the straw to the protractor.

4.
Sight objects by looking through straw with one eye, closed. The position of the string on the curved scale indicates the angle of the object​

5.
Measure the distance from a point on the ground to the base of the flagpole: ____________ m


To use the sighting device (clinometer) hold the straw and sight the top of the building or the tree or the highest point a rocket rises through the straw. A partner should then observe the degree mark where the string crosses the protractor.

6.
Use the sextant to sight the angle to the top of the flagpole from this point: ____________ degrees.

7.
Make a scale drawing of the resulting triangle (1 cm = 1 m).

8.
Draw a horizontal line to represent distance on the ground between you and flagpole. (Use scale from #7).

9.
Draw a perpendicular line to represent the flagpole.
10.
Draw another line at the angle you measured to complete the three sides of the triangle. This line win intersect the vertical line which was drawn to represent the flagpole.

11.
Measure the perpendicular line to find the scale height of the flagpole. Each centimeter of this line should equal one meter of pole.

12.
What is the height of the flagpole? ​​​​​_______________
MEASUREMENT
4A2TN

CAN YOU MEASURE THE HEIGHT OF A FLAGPOLE WITHOUT TOUCHING IT?

IDEA:
PROCESS SKILLS:

Some quantities can only be measured by
Measuring

indirect methods because of size or 
inaccess​ibility.

LEVEL: U
DURATION: 50 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
Sets of materials should be prepared to enable students to work in 
groups of 2‑3.

MANAGEMENT TIPS:

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Sighting must be done as close as possible to the ground or 
corrected for the height of the observer.


2. 
Accuracy can be improved by enlarging the scales.


3. 
Practice this technique by measuring objects of known height first.

POSSIBLE EXTENSIONS:
Try measuring the height of nearby buildings or trees. Trees can be 
measured and a yearly record kept of their growth.

MEASUREMENT
4A3

CAN YOU MEASURE THE VOLUME OF AN IRREGULARLY SHAPED OBJECT?

Materials:
graduated cylinder


irregularly shaped solid

1 . 
Fill a graduated cylinder half full of water.

2. 
Record the volume of the cylinder to the nearest tenth of a ml: _______________ ml.

3. 
Place the irregular sh aped object carefully into the water in the graduated cylinder.

4. 
Record the volume of the water and object to the nearest tenth of a ml: _______________ ml.

5.
Subtract the first reading from the second reading to determine the volume of the irregular object: ____________ ml.

Show work.

MEASUREMENT
4A3TN

CAN YOU MEASURE THE VOLUME OF AN IRREGULARLY SHAPED OBJECT?

IDEA:


PROCESS SKILLS:

Some quantities can be measured by indirect


Measuring

methods because of size or accessibility.
LEVEL: L/U


DURATION: 15 min.

STUDENT BACKGROUND:
Student should understand the concept of volume.

ADVANCE PREPARATION:
1.
Sets of materials should be prepared to enable students to work



in groups of 2‑3.


2. 
Choose irregularly shaped objects that do not float and will fit



inside the graduated cylinder

MANAGEMENT TIPS:

RESPONSES TO

SOME QUESTIONS:
2.
50.6 ml


4. 
62.1 ml


5.
11.5 ml

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
Place the objects carefully in a graduated cylinder ‑ Avoid



splashing water droplets on side of the cylinder.


2.
 Read bottom of curved upper surface (mancus) of the water.

POSSIBLE EXTENSIONS:

MEASUREMENT
4A4

CAN YOU MEASURE THE AREA OF AN IRREGULARLY 
SHAPED OBJECT BY DETERMINING ITS MASS?

Materials:
balance


millimeter ruler


scissors


paper


pencil

1 . 
On a sheet of paper, draw a 10 cm by 10 cm square. Then draw a I cm by 1 cm square inside the larger square.

2.
Cut the 10 cm by 10 cm square out of the sheet of paper.

3.
Mass the square on a balance to the nearest hundredth of a gram

4.
Calculate the mass of one square centimeter by dividing the mass of the large square by 100 (the number of squares in your large square) _______________. Mass of 1 cm2 = _______________.
5.
Draw a rectangular shape. Calculate the area (count the squares or use the formula for the area of a rectangle).


Multiply this area by the mass of 1 cm2 to find the mass of the rectangular shape. Cut out the rectangle and actually measure its mass to verify your answer. Show your work below.

6.

Now draw an irregular shape on your paper cut it out, measure its mass, and use this technique to determine its area.
7.

Repeat for additional irregularly shaped objects.

MEASUREMENT
4A4TN

CAN YOU MEASURE THE AREA OF AN IRREGULARLY 
SHAPED OBJECT BY DETERMINING ITS MASS?

IDEA:

PROCESS SKILLS:

Some quantities can only be measured by

Measuring

indirect methods because of size or 
inaccess​ iblity.

LEVEL: L/U

DURATION: 30 min.

STUDENT BACKGROUND:
Students must understand the concept of area.

ADVANCE PREPARATION:
Check the accuracy of your balances. If they only measure to the


nearest gram then you may need to use thick paper.

MANAGEMENT TIPS:

RESPONSES TO

SAMPLE QUESTIONS:
Answers vary. Samples below:


3. 1.46 g


4. 1.46 g/100 = .0146 g per 1 cm2 or.0146g/cm2

5. Mass = 8 cm2 x .0 146 g/cm2 1168 g


6. Area = .073 g / .0146g/cm2 = 5 cm2
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Many things are measured indirectly either because the object can


only be measured that way or, because it is easier to measure that


object indirectly.

POSSIBLE EXTENSIONS:
Other indirect measurements:


Number of pennies in a roll by mass of a penny. Length of wire by mass of unit length.

MEASUREMENT
Appendix

WHAT EVERY TEACHER NEEDS TO KNOW ABOUT CONVERTING UNITS

(Optional Discussion)

There is a technique for converting units that is widely used by high school and college science teachers but is usually not known by middle school and upper elementary teachers. This method is known as unit analysis or the factor label method. This is a simple method that can and should be used by students in grades 4‑8. The emphasis in this method is the unit or the label and not the number itself or “do you multiply or divide?” The steps in this method are:

1 .
Write down what is given and what you are looking for. Example: “How many seconds are there in 3 hours?”


3 hours (given) = ? seconds (what you are looking for).

2.
Draw a line under what you are given (3 hrs.) and put a 1. (Any value can be represented as a fraction by putting a 1 in the denominator). 
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Example: 

[image: image38.png]Homemade Measuring Tools
By Gene Easter
Brushfire Science
eastergl@aol.com

1.Coat hanger balance Bend the hook of a wire coater hanger into a small {oop.
Make 3 holes in a cup with a paper punch. Now cut 6 pieces of string 30 cms each
Attach the cups by the strings to the ends of the wire hanger triangle base.
To use the balance, place a nickel in one cup and cut graph paper until it balances the
nickel. Cut the balancing graph paper into 5 one gram pieces. Now measure (cut) .1
gram af paper. See how sensitive the balunee i, Try (o improve it ‘s precision.

F—

2. Pet Decimeter Cut a 2 cm by 2 cm x 10 cm (dem). Sand the rough surfaces.
Instruct students to decorate, paint, and design their wood block into a pet decimeter.
Decorations must include marking 1 cm sections along the length of the block. Give the

pet decimeter a name. Use the pet to measure objects in the classroom. (ass y Deb
Sachs and Julie Meyer, University of Indianapolis)

i
3.Force measurer--spring scale Use a paint stirrer (3 cm by 30 cm) and attach a piece of
Masking tape down one side of the wood. Attach a large paper clip to the top of the
Stirrer. Tape the paper clip to the stirrer. Suspond the rubber band from the
bottom of the paperclip. Pull the rubber band so it is taught but not stretghed. Draw
a line on the stick (across the bottom of the rubber band). Label the line 0. Add
additional lines, along the length 1 cm intervals. Number the remaining lines.
Suspend objects from the rubber band. Record the force in units by writing to which the
rubber band is stretched.

4. Volume measurer (tennis ball container) Obtain a clear tennis ball container.
Measure 100 cm® of water (one gram of water occupies one cubic centimeter of
volume). Pour the water into the container mark around the top to the water with a
permanenl marker. Add unother 100 em’ of water in the coutuiner und mark
around the top of the 200.cm”. Mark on an index card 6 lines (5 spaces). Take
the index card and place it on the container, Place the bottom marked line of the card
on the 100 cm™ Place the other marked line on the 200 mark. Now mark the in
between lines of the card on the container. Each line is 20, 40, 60, 80cm’. Take some
measurements and determine if they are precise.

]

~

/
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3.
Draw a multiplication sign and another line for a fraction.
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4.
Place the same unit as that given in the numerator of the first fraction in the denominator of the new fraction.
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5.
Ask yourself if you know a relationship with what is in the denominator (hrs.) and what you are looking for (seconds). Let’s pretend that you do not. Then ask yourself, do you know a relationship between units in the denominators (hrs.) and any other unit? Yes, 1hour = 60 min. ‑ write minutes in the numerator of the fraction. Then put in the numbers.
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6.
Divide out hours.
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7.
Draw another multiplication sign and a fraction line.
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8.
Whatever unit is in the numerator of the last fraction goes in the denominator of the new fraction.
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9.
Ask yourself, do I know a relationship between the unit in the denominator minutes, and what I am looking for (sec.)? The answer is yes. Place the unit seconds in the numerator.
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10.
Place the correct numbers by the units in the last fraction:
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11.
Mark out minutes.
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12.
The units in the numerator are equal to what we were looking for so we have set up the problem.
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13.
 Solving gives:
14.
The above 13 steps illustrates the series of throught processes involved as shown below.

15.
One could use the following process as well:

MEASUREMENT
Unit Conveersion
UNITS
Given the old adage “a journey of a thousand miles begins with a single step,” 
the first step of a one‑mile journey: 1 Milwaukee

1 million microphones:1 megaphone

1 million bicycles: 2 megacycles

365.25 days:1 unicycle

2200 mockingbirds: two kilomockingbirds

10 cards: :1 decacards

1 kilogram of falling figs: 1 Fig Newton

1 millionth of a fish: 1 microfiche

1 trillion pins: 1 terrapin

1 million billion picolos: 1 gigolo

10 rations: 1 decoration

:100 rations: 1 C‑ration

10 millipedes: 1 centipede

2 monograms: 1 diagram
3 1/3 tridents: I decadent
8 nickels: 2 paradigms
10 monologs: 5 dialogs

2 wharves: 1 paradox

5 dialogs:1 decalog

100 Senators: Not 1 decision
MEASUREMENT
Unit Conversion
Useful English System Conversions/units
1000 grams of wet socks:1 literhosen

Time between slipping on a peel and smacking the pavement: bananosecond

Ratio of an igloo’s circumference to its diameter: Eskimo Pi

2.4 statute miles of intravenous surgical tubing at Yale University Hospital: I IV League

2000 pounds of Chinese soup: Won ton

1 millionth mouthwash: :1 microscope

Speed of a tortoise breaking the sound barrier: Mach Turtle

Time it takes to sail 220 yards at :1 nautical mile per hour: Knot‑f urlong

365.25 days of drinking low‑calorie beer because it’s less filling: 1 lite year

16.5 feet in the Twilight Zone: 1 Rod Sterling

Half of a large intestine: 1 semicolon

1,000,000 aches: 1 megahurtz

Weight an evangelist carries with God: 1 billigram

Basic unit of laryngitis: 1 hoarsepower

Shortest distance between two jokes: A straight line

A Half‑Bath: 1 demijohn

453.6 graham crackers: 1 pound cake

MEASUREMENT
PI
Discovering Pi
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MEASUREMENT
Measuring Tools
MEASUREMENT
References

Mapping the World

by Sylvia A. Johnson Atheneum Books, 1999 A history of mapmaking showing how maps both reflect and change people’s view of the world. Reading Level: 7.0; Accelerated Reader: 7.5

Tiger Math; Learning to Graph from a Baby Tiger
by Arm Nagda

Henry Holt, 2000

Describes the growth of an orphan Siberian

tiger cub, by means of words and graphs.

Reading Level: 4.6; Accelerated Reader: 4.9

Measure Up! Experiments, Puzzles and Games Exploring  Measurement, 
by Sandra Markle. 
Atheneum Books for Young Readers,  1995

http://www.library.armstrong.edu/Faq/newchildrensbooks/measurement.html 


MEASUREMENT


Measurement
Books for Children and Families

The Biggest Nose

Literature  by Kathy Caple  Houghton 1985 (32p)

A story about Eleanor Elephant that can be connected to measurement and addition.

The Biggest Fish

by Sheila Keenan Scholastic 1996 (30p) 
When a mayor holds a contest to find the biggest fish, the townspeople measure their Fish against objects from loaves of bread to school buses.

Big and Little Science/Health 
by Steve Jenkins Houghton 1996 (32p) 
Comparisons of animals like the tiger and the domestic cat show that animals related to each other can vary in size.

Numbers and Measuring

by John M. Patten, Jr. Rourke 1996 (32p) 
A discussion of both the customary system used in the U.S. for measurement, and the metric system, used elsewhere.

Pigs in the Pantry

by Amy Axelrod ‘ Simon 1997 (32p) 
When Mr. Pig and the piglets decide to make chili for Mrs. Pig, they make many measuring mistakes.

Counting on Frank

by Rod Clement. Gareth Stevens 1991 (32p) 
A boy and his dog use mathematical concepts to estimate the length of a line: from a pen and the number of dogs fie could fit into his bedroom, among other things.

http://www.eduplace.com/math/mathcentral/grade2/209b.html 

Huge Harold

by Bill Peet Houghton 1961 (48p) also paper 
Harold the rabbit grows so big that he can’t hide in any of the places in which a normal sized rabbit would hide.

Math Counts: Length

Multicultural by Henry Pluckrose Childrens 1995 (32p) also paper 
Color photographs and text introduce the concept of length and how to measure it.

Twelve Snails to One Lizard

by Susan Hightower Simon 1997 (32p) Milo 
Beaver’s friends help him measure and fix a leak in his dam.

How Big Were the Dinosaurs?

Science/Health by Bernard Most Harcourt 1994 (24p) also paper 
A look at how the largest of prehistoric creatures would measure up against school buses, basketball courts, and other things.

The Giant Jain Sandwich

by John Vernon Lord Houghton 1973 (32p) also paper When four million wasps invade Itching Down, the townspeople make a giant jam sandwich to trap them.

How Big Is a Foot?

by Rolf Myller Dell paper 1991 (48p) 
A king needs to find out how long the measurement a foot is so he can buy the queen a birthday gift.

Math Counts: Weight

by Henry Pluckrose Childrens 1995 (32p) 
Color photographs and easy text introduce the concept of weight.

Books for Teacher Reference

Read Any Good Math Lately?

Math & Measurement


G is for Googol: A Math Alphabet Book,


by David M. Schwartz Tricycle Press, 1998


  I   toc


Explains the meaning of mathematical terms


 


which begin with the different letters of the


alphabet from abacus, binary, and cubit to


zillion. Reading Level: 7.6; Accelerated


Reader: 5.4

Hottest, Coldest, Highest, Deepest

by Steve Jenkins Houghton Mifflin, 1998

Describes some of the remarkable places on earth, including the hottest, coldest, windiest, snowiest, highest, and deepest. 
Reading Level: 5.5; Accelerated Reader: 4.9

How Much is a Million? 
By David M. Schwartz; illus by Steven Kellogg

Mulberry, 1994

Text and pictures try to make possible the conceptualization of a million, a billion, and a trillion.

If You Hopped Like a Frog, 
by David Schwartz Scholastic Press, 1999

Introduces the concept of ratio by comparing what humans would be able to do if they had bodies like different animals.

Reading Level: 3.2; Accelerated Reader: 3.4

The Longitude Prize,
by Joan Dash  Farrar, Straus & Giroux, 2000

The story of John Harrison, inventor of 
watches and clocks, who spent forty years working on a time‑machine which could be used to accurately determine longitude at sea.

Reading Level: 6.2; Accelerated Reader: 8.6 111

Measurement and Time

Books for Students

What a Load of Trash!

By Steve Skidmore   The Millbrook Press, 1991. 
While learning about trash, students will also explore measurement, multiplication, and estimation.

Clocks, Scales & Measurement 
By Pam Robson Gloucester Press, 1993. 
Presents the measurement of time, weight, area, and density through information and activities.

Keeping Time

Franklyn M. Branley Houghton Mifflin, 1993. 
A description of the different ways in which time is and has been measured, including projects and activities on making and using timekeeping devices.

Measuring

By Sally Hewitt Raintree Steck‑Vaughn, 1996. 
This collection of activities involves the measurement of length and weight, the comparisons of heavy and light, and the use of a scale to balance objects.

Nature All Year Long

By Clare Walker Leslie Greenwillow Books, 1991. 
The use of natural observations to discover the times of the year, when plants bloom, when animals migrate, what animals do to prepare for winter.

Projects With Time

By John Williams Gareth Stevens Children’s Books, 1992, 
Explores the concept of time through a variety of projects involving sundials, water clocks, and other timekeeping devices.

http://www.eduplace.com/math/mathcentraUgrade4/410b.html 

Timekeeping

byRodney Dale Oxford University Press, 1993. 
A description of the way in which the concept of time has changed over the years, and of the quest for more accurate methods of measurement.

Books for Families

Hours, Days and Years

Capstone Press, 1991. 
Ripley’s Believe It or Not! 
R presents surprising facts about time, clocks, and calendars for all ages to share. Good for students to use as a basis for beginning a discussion.

Incredible Comparisons

By Russell Ash  Dorling Kindersley Publishing, 1996. 
A visual guide to comparative sizes, heights, weights, and numbers in such areas as capacity, population, growth, weather, disasters, and speed.

The Metric System

Allan Fowler Children’s Press, 1995. 
An easy‑to‑read explanation of the metric system and how it works in the world today.

Reference Books for Teachers

Numbers: How Many, How Long, How Far, How Much. . . All the Numbers You’ll Ever Need 
By Andrea Sutcliffe Harper Collins Publishers, 1996. 
This handbook of lists includes different systems of weights and measurements.

Off The Clock: A Lexicon of Time Words and Expressions

by Kimberly 0. Fakih Ticknor & Fields Books for Young Readers, 1994. 
A collection of words and phrases that are time related. Good material for classroom discussion.

The World Book of Math Power Activities 2

World Book, 1994. 
A two‑volume reference set that includes a metric measurement converter.
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