
ENGINEERING PHYSICS EXPERIMENT: MEASUREMENT AND UNCERTAINTY rev.9/17 

 

 

INTRODUCTION 

 

 This experiment is designed to incorporate elements of Experiments 2 & 3 in Wilson's Physics 

Laboratory Experiments (8
th

 edition).  The student should prepare for lab by reading pages 13-18 and 33-38 

in the above text.  A further explanation of the relevant quantities is included below. 

 

 In this experiment a measurement of a physical quantity is made and the observer estimates the 

precision of that measurement.  This process is repeated for different measurement devices and objects.  

The overall precision of a calculated quantity is then determined using formulas that are appropriate for 

small estimated errors.   

 

Absolute and Percent Errors 

 

 The absolute error (or uncertainty) in a quantity is an indication of the amount of uncertainty in a 

measured value.  This uncertainty depends on several factors but is primarily determined by the precision of 

the measurement device and the (visual) judgment of the observer.  For example, if a student measures with 

a ruler whose smallest markings are in millimeters, the uncertainty (or absolute error) in any measurement 

made with that ruler should be between 0.1 and 0.9 mm.  A common choice for the absolute error is one-

half the smallest marking on the measurement device, or in this example 0.5 mm.  Absolute errors are 

included to remind the scientist that the last measured digit is an estimate.  In practice, the estimated 

decimal place should always correspond with the uncertainty decimal place as shown below: 

 

 Typical “correct” Ruler measurement:    24.56 ± 0.05 cm 

 

 Incorrect measurement:  24.56 ± 0.1 cm  [decimal places do not agree] 

 

   Alternate correct measurement:    24.56 ± 0.10 cm [decimal places agree] 

 

The Percent Uncertainty of a quantity is simply the absolute error expressed as a percentage of the 

measured value.  That is, 

 

 Percent Uncertainty = (Absolute error/measured value)  100% [1] 

 

 For example:  (.05/24.56) x 100 % = 0.204 %,  so the data is 24.56 cm ± 0.204% 

 

A large Percent Uncertainty will usually indicate poor visual acuity or a lack of precision in the 

measurement device used due to object shape or size.  For example, a meter stick would not provide a very 

precise measurement for the thickness of a sheet of paper; nor the diameter of a marble.  

  

Conversely, the absolute error in a calculated quantity may be determined from [1] if the Percent 

Uncertainty is known, or 

 

 Absolute error = (Percent Uncertainty  100)  measured value [2] 

 

 

 



Note: Percent Uncertainty is not the same as Percent Error or Percent difference.  Percent Error 

compares a measured value to an accepted value and Percent Difference compares two 

measured values to each other. (see pages 17-18 of the lab manual) 

 

Rules for Error Estimation 

 

 The errors that arise from performing the basic operations of arithmetic (addition, subtraction,..) on 

raw data (complete with uncertainty) can be estimated using the following approximations: 

 

RULE I. (for addition and subtraction) 

 

 The total absolute error of a sum or difference is equal to the sum of the absolute errors of the 

terms involved.  If a term is multiplied by a numerical constant, the absolute error for that term is first 

multiplied by the constant before adding it to the errors of the other terms. 

 

 Once the total absolute error has been determined, the total Percent Uncertainty for a calculated 

result can be determined from [1]. 

 

Example #2: Perimeter of a Rectangle 

 

           Measured Length:   3.4 ± 0.2 mm     Measured Width:  5.8 ± 0.3 mm 

           Total Absolute error (perimeter) = 2(0.2) + 2(0.3) = 1.0 mm 

           Perimeter = 2L + 2W = 6.8 + 11.6 = 18.4 ± 1.0 mm 

 Percent Uncertainty (perimeter)  = (1.0  18.4)  100% = 5.43 % 

 

RULE II. (for Multiplication and Division) 

 

 The total percent uncertainty in a product or quotient is the sum of the individual Percent 

Uncertainties in the terms involved.  If a term is used more than once (ie. raised to a power), the percent 

uncertainty for that term is multiplied by that power before adding it to the other percent uncertainties. 

 

 Once the total percent uncertainty has been determined, the absolute error for a calculated quantity 

can be determined from [2]. 

 

Example #3: Area of a Circle =   R
2
 = (d/2)

2
, where R is radius, d is diameter 

 

Measured Diameter = 46.68 ± 0.05 mm,  divide by 2 (an exact number)…  

 

Radius = 23.34 ± 0.05 mm, so the % uncertainty (in diameter)= (0.05/46.68) x 100% = 0.107 %   

 

           Total percent uncertainty (for area) = 2  0.107% = 0.214 % 

    

           Area =   R
2
 = 1711.40  mm

2    
 1711 mm

2  
(keeping only 4 significant figures) 

        

           Absolute error (in the area) = (0.214%  100)  1711.40 = 3.66 mm
2
 

 

  Applying significant figures, the final reported Area = 1711 ± 4 mm
2
 

 



NOTE: The constant  introduces no error since it is not a measured value, but a constant taken to be 

"exact" as provided by any scientific or graphing calculator. 

 

NOTE: If a formula involves addition and multiplication, the percent uncertainty from the products is found 

first, converted to absolute error, and the sum of the absolute error is found last. 

 

 Experiment 

 

 In this experiment you will be measuring the dimensions of five physical objects with three 

different measuring devices.  Your measurements will reflect the precision of the device you use.  You will 

be required to estimate the absolute error for each measurement you make.  You will also measure the mass 

of each object using a beam balance and estimate the uncertainty in that value as well.  The data you collect 

should be organized in tables such as those provided later in this handout. 

 

 From your raw data, either you or the spreadsheet will calculate the volume and density of each 

object for each set of measurements, and will also calculate the total absolute error and percent uncertainty 

for each of these calculations using Rules I and II.  The results will also go in tables; be sure to show a 

sample calculation for each unique type of calculation. 

 

Your final results should also reflect the proper number of significant figures; you may have 

to adjust the computer's results as necessary.   

 

Theory 

 

 The equations for calculating volume and density of your first three objects are:  

 

 Sphere:   V = (4/3)(d/2)
3
  , where  d=diameter, L = length, H = height, W = width 

                                   

 Cylinder  V =   (d/2)
2
  H  

      

 Rectangular solid: V = L  W  H    

 

 Density:  ρ = m/V   where ρ is density, m is mass, V is volume 

 

 Equations[1] and [2] are also applied when appropriate; Rules I and II are also theory. 

 

PROCEDURE 

 

0. Make data tables in your lab notebook similar to tables I, III, and V shown at the end of this 

handout.  However, create extra spaces to allow for two measurements of each dimension and a 

subsequent average.  This will allow both you and your partner to make the same measurement and 

average the two values if you do not agree.  Be sure to save space on each data page for 

observations.  

 

1. Using each of the three measuring devices provided (ruler, vernier caliper, and micrometer), 

measure the dimensions of the metal cylinder and put your results under Table I in your lab 

notebook.  Include for each value your absolute error (uncertainty) in that measurement.   

 

Uncertainties should be reasonable for each measurement device (and/or object) and consistent with 



respect to significant figures throughout.  Note the type of material for each object in your data 

table as well.  Ask your instructor for assistance if the material is not familiar to you. 

 

   Use the laboratory balance to determine the mass of the cylinder and include an uncertainty as well. 

 

2. Repeat Procedure 1 for the marble and the rectangular solid, keeping your data organized in the 

appropriate tables. (You need not complete calculations during lab but be sure you know how to 

complete the calculations before departing from lab.) 

 

 Note: If a dimension cannot be measured with a particular device, indicate this information in 

your data table in some way and adjust calculations as needed. 

 

3. Next, measure the dimensions and mass of the cork provided using only the Vernier calipers for 

linear measurements.  (Note: no sample data or results tables have been provided for this 

object.) 

 

4. Each group will also be given a large washer of some unknown material.  Use only the most 

precise distance instrument and the triple-beam balance to make and record the necessary 

measurements needed to determine the volume and density of this washer. Be sure to note which 

device is used for each dimension. (Note: no tables have been provided for this object either.) 

 

CALCULATIONS 

 

1. Using the formulas given and those you find via research, compute the volume and density for 

each of the 5 objects, recording your values in the appropriate table.  Also determine the total 

absolute error and percent uncertainty for each computed value using the rules provided with 

Equations [1] and [2]. 

 

 Note: The available spreadsheet will generate printed tables for the data and results (for the first 

three objects) for those using a computer for calculations.  These students will not need to 

use the tables provided with this handout for their final report. 

 

2. Determine the percent error (using an accepted value from a reference) in the most precisely 

calculated density for each of the 5 objects. 

 

Report Requirements 

 

 Include all required parts of the laboratory report, with special attention to: 

  

 (a) all data tables and results tables and your sample calculations. 

   

 (b) the answers to the relevant questions (see next page) 

  

 (c) the discussion of results:  the reasons for error, a comparison between measurement devices, 

and ways to eliminate error, …  

 

 

 



Questions 

 

Advanced Study Questions (think about these before you do your measurements) 

 

1. Since many experimental errors are due to human perception or judgement, could these be 

eliminated by having a robot make the measurements?  Explain. 

 

 

 

 

2. Can measurements be accurate without being precise?  Explain. 

 

 

 

 

3. A student forgot to record the correct number of significant figures when using a Micrometer 

Caliper so they simply inserted zeros into their recorded data where they were missing digits.  How 

does this affect the reliability of their reported data? 

 

 

4. What determines the least count of a measurement device? 

 

 

 

 

 

Pre-Discussion Questions 

 

5. Why might a diameter measurement have a greater absolute error than a height measurement of a 

rectangular object? 

 

 

 

 

6. Does the bathroom scale in the front of the classroom measure mass or weight?  Explain. 

 

 

 

 

7. For the first three objects measured with each of the three instruments, which result for density was 

most precise?  Which was most accurate?  Explain. 

 

 

 

 

8. Which measurement technique would be more precise?  Measuring the whole length of an object 

with a meter stick or measuring shorter segments of an  object’s length with a Vernier Caliper and 

then adding the segment lengths together. Explain. 

 



         Table I : Data for Cylinder 

 

Material ________________ Accepted Density value ________________ 

QUANTITY 

MEASURED 

MEASURING 

DEVICE 

VALUE ABSOLUTE 

ERROR 

PERCENT 

UNCERTAINTY 

MASS (g) BEAM BALANCE    

   LENGTH (cm) RULER    

 VERNIER CALIPER    

 MICROMETER    

DIAMETER (cm) 
RULER    

 VERNIER CALIPER    

 MICROMETER    

 

SAMPLE CALCULATION (For Percent Uncertainty) 

 

 

 

 Table II:  Results for Cylinder 

 

  RULER VERNIER CALIPER  MICROMETER 

 VOLUME (cm
3
)  

 

  

  

Percent Uncertainty 

in VOLUME 

   

 Absolute Error in 

 VOLUME (cm
3
) 

   

 DENSITY (g/cm
3
)  

 

  

  

Percent Uncertainty 

in DENSITY 

   

 Absolute Error in 

 DENSITY (g/cm
3
) 

   

 

Percent Error in Density         ____________________ 

 

SAMPLE CALCULATIONS 



 Table III : Data for Marble 

 

Material ________________ Accepted Density value ________________ 

QUANTITY 

MEASURED 

MEASURING 

DEVICE 

VALUE ABSOLUTE 

ERROR 

PERCENT 

UNCERTAINTY 

MASS (g) BEAM BALANCE    

 

 

DIAMETER (cm) 

RULER    

 VERNIER CALIPER    

 MICROMETER    

 

SAMPLE CALCULATION (For percent uncertainty) 

 

 

 

 Table IV:  Results for Marble 

 

  RULER VERNIER CALIPER  MICROMETER 

 VOLUME (cm
3
)  

 

  

 Percent Uncertainty 

in 

 VOLUME 

   

 Absolute Error in 

 VOLUME (cm
3
) 

   

 DENSITY (g/cm
3
)  

 

  

 Percent Uncertainty 

in 

 DENSITY 

   

 Absolute Error in 

 DENSITY (g/cm
3
) 

   

 

Percent Error in Density         ____________________ 

 

SAMPLE CALCULATIONS 



 Table V : Data for Rectangular Solid 

 

Material ________________ Accepted Density value ________________ 

 QUANTITY MEASURED MEASURING DEVICE VALUE ABSOLUTE    

   ERROR 

PERCENT 

UNCERTAINTY 

 MASS (g) BEAM BALANCE    

 

 

 LENGTH (cm) 

RULER    

 VERNIER CALIPER    

 MICROMETER BEYOND RANGE  N/A N/A 

 WIDTH (cm) 
RULER    

 VERNIER CALIPER    

 MICROMETER    

 HEIGHT (cm) 
RULER    

 VERNIER CALIPER    

 MICROMETER    

 

SAMPLE CALCULATION (For Percent Uncertainty) 

 

 VI:  Results for Rectangular Solid  

 

  RULER VERNIER CALIPER  MICROMETER* 

 VOLUME (cm
3
)  

 

  

 Percent Uncertainty 

in 

 VOLUME 

   

 Absolute Error in 

 VOLUME (cm
3
) 

   

 DENSITY (g/cm
3
)  

 

  

 Percent Uncertainty 

in 

 DENSITY 

   

 Absolute Error in 

 DENSITY (g/cm
3
) 

   

[Use caliper value for length when computing micrometer volume,...] 

 

Percent Error in Density         ____________________ 

 

SAMPLE CALCULATIONS (use separate page) 


