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Lab: Linear Measurement
Purpose: To learn to make precise and accurate linear measurements using the meterstick and to use these measurements to compute quantities derived from length

WHAT YOU NEED TO KNOW
Precision of a measurement depends on the scale markings of an instrument. In this experiment, you will learn how the accuracy of a measurement depends on the competence and care taken by the person using the instrument. Recall that the precision of a measurement refers to how close the measurement can be reproduced. Measuring a length precisely presents difficulties. For example, if three different persons were to measure the length of this page, they might not obtain the same answers. The differences may be due to a variety of reasons, some involving the instrument itself and others involving the experimenter. When a person using the instrument applies the proper techniques and takes the care required to read the instrument properly, then the instrument yields accurate measurements to the full extent of its capability.

Starting with a precision instrument, one endeavors to obtain measurements with a high degree of accuracy. Recall that accuracy in a measurement refers to the closeness of a measurement to some accepted value. When making measurements, such as the length of a table, one can only hope to obtain a precise length whose measured values are as close together as possible. There is no standard length for a table. Thus, one of the ways to achieve an accurate measurement is to take repeated trials.

STRATEGY
You will investigate the significance of the markings on a meterstick. Then you will use the meterstick to make measurements such as the length and width of your laboratory table. In doing this, you will apply various techniques to make your measurements are precise and accurate. Finally, you will use these linear measurements to compute certain quantities, such as area, that are derived from length.

GETTING STARTED
A. The Meterstick. Making precise and accurate linear measurements requires knowledge of an instrument for measuring length and knowledge of its use. The instrument you will use is based on the meter m, which is the fundamental unit of length in the MKS (Meter, Kilogram, Second) system. In this experiment, you will use a standard of length 1 m long, a meterstick, a portion of which is shown in Fig. 2-1.

[image: image1.wmf]The major divisions, numbered 10, 20, 30, ... 90, 100 divide the meter into ten parts, called decimeters. The next smaller divisions, for example, those numbered between 40 and 50, are called centimeters (cm). The distance between any two centimeter divisions, say, between 43 and 44, is one hundredth of a meter, or 0.01 m. Count the number of divisions between the 43 cm mark and the 44 cm mark. Each one of these divisions is a millimeter (mm), or one thousandth of a meter (0.001 m). There are no divisions on a meterstick smaller than a millimeter. However, you may estimate a measurement to the nearest tenth of a millimeter. A measurement including a fairly close estimate to the nearest tenth of a millimeter is more precise than a measurement estimated to the nearest whole millimeter. Measurements obtained with a meterstick are usually recorded to the nearest tenth of a millimeter.

Fig. 2-1 The meterstick showing subdivision markings 
B. Using the Meterstick. Set the meterstick on edge so that the scale is as close as possible to the length being measured. Fig. 2-2 shows the correct use of a mcterstick in measuring the length of the darkened line.

Do not use the meterstick as shown in Fig. 2-3, since this may result in incorrect readings for one or both of two reasons. First, a measurement viewed from either A or B will be read incorrectly because the scale marking which appears to be directly over the extremity of the length being measured is actually slightly to one side of it. For example, if your eye is placed at A, your reading will be 1.30 cm, but if it is placed at B, the reading will be 1.70 cm. This apparent shift in the position of one object with respect to another is called parallax. Although an approximately correct reading of 1.50 cm may be obtained when the eye is placed along the normal, N, which is at right angles to the meterstick, the more certain method, in which the meterstick is placed on edge (Fig. 2-2), should always be used. Second, a measurement from either end of the meterstick may give an incorrect reading since the ends may be worn. In making a measurement, select any reference point on the meterstick other than the ends.
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Fig. 2-2 
Setting a meterstick on edge

[image: image3.wmf]

Fig. 2-3 Effect of parallax on a measured quantity

The final determination of a given length is the difference between the two meterstick positions of the length being measured and is shown in Fig. 2-2. In addition, three separate measurements should be made for each length to be measured, with each measurement being taken from a different part of the meterstick. Again, the actual length is found by subtracting the two readings for that measurement.

DOING THE EXPERIMENT
A. Finding the Data to Calculate the Area of Your Laboratory Table. Measure the length of the table in centimeters. To help locate the edge of the table, place a block of wood along the edge of the table. Measure the length of the table once near each edge and once along the middle, using different reference positions on your meterstick. Record the three length measurements in Table 2-1 to the full precision of the meterstick. Your meterstick readings will be in centimeters. Convert your readings to meters and record them again. Following the procedure used for measuring length, measure the width of the table. Record the three width measurements in centimeters and in meters.

Note: Do not compute the total or mean values at this time. Computations should be done after all the data have been gathered.

Table 2-1 Lab Table Measurements
	

	Length (L)
	Width (w)

	
	(cm)
	(m)
	(cm)
	(m)

	Trial 1
	
	
	
	

	Trial 2
	
	
	
	

	Trial 3
	
	
	
	

	Total
	
	
	
	

	Mean
	
	
	
	


B. Finding the Data to Calculate the Volume of 100 Sheets of Paper. Count out a pile of 100 sheets of paper. Make three measurements each of the length and width of one sheet. Measure the height of 100 sheets three times. Use a different part of the sheet for each measurement. Again, avoid using the ends of your meterstick. Read the positions on the meterstick at both ends of the length being measured. Estimate these positions to the nearest tenth of a millimeter. Record your meterstick readings in centimeters and millimeters in Table 2-2.

C. Finding the Data to Calculate the Volume of a Metal Cylinder. Place the cylinder on top of the meterstick as illustrated in Fig. 2-4. Measure the diameter three times to the nearest tenth of a millimeter. Record each reading in centimeters and also in millimeters in Table 2-3. Make three measurements of the height of the cylinder and record them in Table 2-3.

FINDING THE SOLUTION
Before using the data you have collected to solve any problem, you should remember that each measurement made in an experiment consists of both a number and a unit. When substituting an actual measurement for a quantity in any equation, include both the number and the unit. The number used should be the mean, or average, of the actual measurements.

Table 2-2 100 Sheets of Paper Measurements 
	
	Length (L)
	Width (w)
	Height of 100 sheets (h)

	
	(cm)
	(mm)
	(cm)
	(mm)
	(cm)
	(mm)

	Trial 1
	
	
	
	
	
	

	Trial 2
	
	
	
	
	
	

	Trial 3
	
	
	
	
	
	

	Total
	
	
	
	
	
	

	Mean
	
	
	
	
	
	


Table 2-3 Metal Cylinder Measurements 
	
	Diameter (d)
	Height (h)

	
	(cm)
	(mm)
	(cm)
	(mm)

	Trial 1
	
	
	
	

	Trial 2
	
	
	
	

	Trial 3
	
	
	
	

	Total
	
	
	
	

	Mean
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Fig. 2-4 Measuring the diameter of a cylinder

Note: All answers should be rounded to the correct number of significant digits.

A. Area of Your Laboratory Table. Area is a derived quantity obtained by multiplying two linear quantities such as length and width. Find the mean (average) values of the length and width of your laboratory table and enter them in Table 2-1. Using these values, compute the area of the table, recording your data in Table 2-4.

Table 2-4 Calculations for Lab Table
	Mean length (L) of table
	              cm





	               m

	Mean width (w) of table
	              cm
	               m

	Area (A) of table   = Lw
	              cm2


    

	               m2


B. Volume of 100 Sheets of Paper. Volume is another derived quantity, equal to the product of three linear quantities. Record in Table 2-2 the length, width, and height of 100 sheets of paper. Find the mean values for these quantities in centimeters and in millimeters and enter them in Table 2-5. Using these mean values, find and record in Table 2-5 the volume of 100 sheets. 

Table 2-5 Calculations for 100 Sheets of Paper
	Mean length (L) of one sheet
	              cm



	              mm

	Mean width (w) of one sheet
	              cm
	              mm

	Mean height (h) of 100 sheets
	              cm
	              mm

	Volume (V) of 100 sheets = Lwh
	              cm3
	              mm3


Using your data for the height of 100 sheets of paper, compute the thickness of a single sheet: 

Thickness of one sheet of paper =
       mm

C. Volume of a Metal Cylinder. Find the mean values of the diameter d and the height h of the metal cylinder. Enter the mean values in Table 2-3. Enter the mean values in Table 2-6 and compute the volume of the cylinder.

Table 2-6 Calculations for Metal Cylinder
	Mean diameter (d) of cylinder
	              cm 



	             mm






	Mean radius (r) of cylinder = d/2
	              cm
	             mm

	Mean height (h) of cylinder
	              cm
	             mm

	Volume (V) of cylinder = r2h
	              cm3
	             mm3


WHAT YOU HAVE LEARNED
1.
a. State some reasons why the measurement of the length of a laboratory table may not be accurate.


b. What suggestions have you to minimize these errors?
2.
You are asked to measure the length of the table. What is 
the purpose of measuring the length near the edges and also 
in the middle?
3.
A meterstick graduated in millimeters is used to measure a length. Would a measurement of 28.625 cm be acceptable? Explain.

4.
a. The experimental data of a linear measurement are 18.21 cm and 18.26 cm. What is the mean value?

b. Four additional trials are made, yielding 18.20 cm, 18.21 cm, 18.19 cm, and 18.22 cm. What is the new mean value?

c. What effect does increasing the number of trial measurements have on the mean value of the measurements?

5. 
a. Three persons are given a meterstick and asked to measure the same line. The measurements reported are: 141 mm, 14.11 cm, 0.14 m. In what ways are the three measurements comparable?


b. In what ways do they differ?


c. What is the mean length?

6. 
The following measurements are averaged: 1.18 cm, 1.12 cm, and 1.14 cm. Which is the better average, 1.147 cm or 1.15 cm? Why?
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