
FYSP1081 / 1    SPEED OF UNIFORM MOTION 

 

General 

In this team-exercise we will study basic aspects of physical measurements, analysis of 

results and treatment of error. 

Experiments are carried out with a rail where the object (“a wagon”) moves almost 

without friction on an air cushion. The motion of the wagon can be measured with a 

sonar connected to a computer program Capstone, which has a versatile set of tools to 

control experiments as well as register and display the results such as position, speed 

and acceleration of the wagon. In this work, however, most measurements are carried 

out manually using measuring tapes and stopwatches. 

Main purpose of the exercise is to demonstrate with simple, everyday phenomena 

techniques how to analyse results with a proper error estimation and analysis. The error 

analysis is discussed in the following book, which can serve you in all your future tasks 

related to experimental work.  

-  John R. Taylor: An Introduction to Error Analysis, Study of Uncertainties in Physical 

Measurements, Oxford University Press, 1982 (second edition 1997), chapters 1, 2, 3.1-

3.4, 4 and 7 are enough for the purposes of few first courses. 

Some copies of the book are available in the laboratory. Even though the book is very 

thorough it does not contain e.g. methods to analyse statistically small samples and 

graphical analysis of error. Repeat from your previous studies concepts of mean (value), 

standard deviation of mean and error of mean.  For the experiments, bring with paper 

for notes, millimetre paper and a pocket calculator. 

Error analysis – in other words, analysis of all uncertainties hidden or known to be 

related to a measurement – is a crucial part of any kind of experimental work. It is rarely 

taught as a separate subject in physics or elsewhere. In physics (JYFL) it is treated in 

the course “Principles of measurements (a part of course FYSP1081)” and in this team 

work and more in detail in course FYSA1110. Error analysis (mathematical part of it) 

is closely related to statistical sciences and to calculus of probability. In the courses 
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FYSP1081-2 the error analysis can be done using so called maximum-minimum 

method, see Taylor, chapters 3.1-3.4. 

To pass the group work FYSP1081/1 you have to participate to the measurement, 

analyse the results and solve given homework problems. Even though this is a 

teamwork, the given homework problems should be solved personally. A mandatory 

condition is that you have done all the pre-work before participating to the experiments.  

 

Homework 1 – Do before measurements! 

1. You have measured times 6.05 s, 6.13 s, 6.10 s, 5.98 s and 6.08 s. Calculate the mean 

and error of mean. Do not use the option of a pocket calculator: write down each step, 

explicitly! 

2. Let’s assume that the time measurements are those for a wagon moving with constant 

speed. What is the average speed and its error if the distance is (2,30 ± 0,01)m? 

 

Preparations in the beginning of measurements 

1. Every member of the team prepares a logbook of his/her own. When new equipment 

will be used write down the name, model and settings of the instruments. 

2. Switch on the magnetic trigger for the wagon: DC-current, max. 5VDC, 2A; mark 

the values on your logbook.  Voltage U and current I can be measured using multimeters. 

These values are generally not changed during the work. However, if changed, do not 

forget the logbook. Possible change will not affect the results. Write also down error 

estimates for the measured I and U. 

3. Set the intensity of the fan to about 2,5 and switch it on. Place the wagon on the track 

and test that it moves freely. The value of the fan should not be changed during 

measurements (write this value on the logbook). The friction of the wagon on the track 

is related to the amount of air stream. No error estimates are needed. 
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4. Place the wagon into the trigger. Expansion of the rubber chain has to be kept 

constant during this teamwork. Otherwise, the results can not be compared. 

5. TEST the performance of the devices. 

 

1. approximation: mean velocity; relative error, propagation of error, 

rule of 15 units, presentation of result 

Use stopwatch and measure the time passed between two points. What would this result 

mean if the motion were not uniform e.g. accelerating, piecewise uniform or crossly 

varying? 

Task 1: Estimate the systematic error of the distance measurement by comparing the 

measuring tape with several other tapes, in practice a possible deviation at 1m.  Evaluate, 

whether this deviation should be taken into account when measuring distances? 

Task 2: Estimate the systematic error of the watches by measuring simultaneously with 

each a longer period of time e.g. 2 min. Is the error significant (compare task 2)?  

Task 3: Measure the time t taken by the wagon to travel to one (far end) point of the 

rail. Select the mark in wagon you use for observations. The distance s you measured 

needs special attention (Taylor ch. 1.5, ps. 8 - 9 (1. ed. ps. 9 - 11). Sources of error: 

reading accuracy (in general 0,5 mm is suitable - why?) and the triggering point, at least. 

Task 4: Measure time t once with one watch, only. The estimation of error is quite 

difficult in this case. Sources of error: your reaction time, watch, trigger and rail. As 

they are difficult to know, a general rule (Taylor ch. 2.7) is that 10% is usually a safe 

estimate of the relative error when measuring short times. Notice that 10% is just a 

guess. 

Task 5: Now you can calculate the velocity. Scientific or any other result has no 

meaning without a proper error estimate. This will be required in all laboratory 

experiments now on. Most important estimate for a single measurement is the law of 

propagation of error and mostly the square-sum form of it (Taylor eq. 3.47, p. 73). 
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However, a simple error estimate “maximum-minimum-method” is accepted in the 

basic courses and is also used here. 

Apply results of homework (2) to calculate the error of speed first with all the accuracy 

of your calculator. Round of the result using the 15-unit rule (Taylor doesn't use). As 

stated in Taylor there are plenty of well-argumented ways to present the result and error. 

In general, error analysis is not exact and there is no single standard to do it. At JYFL 

few standards have been set for the laboratory works in basic and subject courses, 

however. These rules are mandatory when presenting the results. The most important 

is the 15-unit rule. This is equivalent to that the error is presented with accuracy of one 

significant digit (Taylor statement 2.5). Exception is when the first digit is 1 and the 

second between 0 – 5. In this case two significant digits are used. To eliminate rounding 

of uncertainties one should use 3 – 4 significant digits when presenting intermediate 

results.  Write down now the result for the time t in task 2. Second JYFL-standard states 

that rounding of the error has to be done always towards the grater digit (Taylor does 

not follow this rule). Note! The result itself is rounded of as usual up or down wards, 

naturally! 

Task 6: The result and error must be presented with the same accuracy (Taylor eq. 2.9). 

This holds for intermediate results (tasks 3 and 4) as well. 

 

2. approximation; mean speed, statistical and graphical methods 

If a measurement can be repeated, it should be done to increase the accuracy (Taylor 

1.6). If you did not change the conditions (here e.g. the position of the rail and the 

amount of air), this is valid. However, we can reach the same goal still with one trigger 

but measuring the time with several watches. Every member of the team does 

simultaneous (identical in principle) measurement of time according approximation 1. 

We’ll learn several concepts of error analysis related to the normal distribution (read 

Taylor ch. 5, at least sc. 5.3). We’ll do now a statistical measurement and error analysis. 

The concepts of statistical, systematic (Taylor sc.’s 4.1 and 4.6) and coarse errors 

(Taylor sc. 6.1) will be demonstrated.  Systematic errors can usually be eliminated with 

careful calibration of the instrument. Coarse errors are removed by repeating the 
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measurement. If this is not possible, you could simply remove results deviating 

markedly from the “right” ones. However, this is very dangerous and can even mean 

falsifying the research or eliminating the most significant part of it!  

Task 1: Carry out the same measurement as in 1, but now each member of the team 

measures simultaneously the time. Arrange the measurement set-up so that each of the 

group is able to measure the time. Practice the use of stopwatches.  

Task 2: Measure the times passed when the wagon travels the distance s. Repeat the 

measurements many times.  

Task 3: Calculate the mean of the time and its error (Taylor 4.2, 4.4) for each distance 

using Excel. These are the most important quantities in statistical analysis. 

Task 4: Test, how much does a single deviating result affect mean and it’s error. and 

Compare the results of tasks 3 and 4. Note! Usually when there is any doubt of coarse 

error repeat the measurement, if possible. This problem may arise in the exercise 

“Electron in a magnetic field”. 

Task 5: Now we could calculate average speed for each distance as we did in First 

approximation. Instead, we do a graphical analysis using the results obtained in Task 3. 

Draw each (time, distance) point on a millimetre paper with error bars. Notice that both 

variables have errors. 

Task 6: Through the points draw a straight line, which seem to fit the data best. If the 

points do not fit at all to the line, you have to acknowledge that the motion was not 

uniform. In any case, make the fit (a linear regression) and define the average speed. 

Task 7: Draw to the same figure lines corresponding to the error i.e. two lines, which 

cover the data with error bars. Define the speed from the error lines and calculate their 

difference to the average speed. The error is given by the largest difference (absolute 

value). Mark the linear coefficients on the figure, give it a title and include it to the 

second set of home works. 

Task 8: The lines of task 6. can be found  mathematically (linear regression; Taylor 8.1 

–8.2) also using a least squares fitting -computer programs available at JYFL. This can 
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be done  using one of the programs Capstone, Excel, Gnuplot or Origin. In this work, 

we use Origin. 

 

3. approximation: computer supported measurement 

Last measurement will be done using a sonar in connection of a modern Capstone 

computer program, which can control the measurement and record data. Study the 

manuals and learn to use the program in practise. The equipment will be used in many 

later laboratory exercises as well. In work FYSP1081/K1 you are going to practice the 

use of Capstone more in detail.  

Task 1: Carry out the measurement, study the data (distance, speed and acceleration as 

a function of time) and include the drawings in your logbook. 
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Homework 2 

Solve these problems after the experiment is finished. The purpose of these home works 

is to make sure that basic principles of measurement are clear in your mind. Answer 

every question. An unanswered question yields minus points. In the final report, include 

home works 1 and 2, logbook and all drawings. Deadline for returning the report is two 

weeks. 

1. Combining the errors from various sources. Assume that you have measured the 

distance to be exactly 1 meter and estimated that the uncertainty of reading the distance 

is 0,5 mm and definition of the reference point for the wagon  is 2 mm. Calculate the 

result with error. Are all sources of error now taken in account? 

 2. The systematic errors. You measure a time of 5,0 ± 0,5 s. However, you know that 

the watch will run slow 5 minutes in hour. How do you remove the systematic error? 

Test, whether your correction works! 

How do you take the systematic error into account, if the manufacturer tell that the 

accuracy of the this kind of stop watches is ± 1% of the reading, but you don’t know 

whether the watch you used runs slow, fast or does neither of these1? 

3. Maximum-minimum method in error analysis: The following values (+ errors) 

have been measured for the quantities a, b ja c: a = (3,540 ± 0,113), b = (3250,0 ± 59,5) 

and c = (27,134 ± 0,287). Calculate the value of d with an estimate error using the 

maximum-minimum-method, when 

a)  
c

ba
d


  (Use two different versions of max-min method to analyze the error) 

b)  
b

ce
d

a )100( 
   

c)  
 

a

acb
d

ln

8 
  (If you don’t guess the total effect of a, find it by testing.) 

                                                 
1 Statistical analysis treats random errors. The error due to unsufficient accuracy of a meter is 

systematic. The purpose of manufacturer is that for. ex. watches measure the correct time. The watches 

are not idea, but they contain systematic errors. If we study several watches, we will notice that times 

have certain standard deviation. The manufacturer may claim, that the readings are accurate to some 

number and this accuracy is most likely based measuring the distribution of times and determination of 

standard deviation. Thus, when using a certain device, the user can not know if this particular unit is 

showing too small value, too large value of exactly right.   
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 4. Mean and weighted average: When you combine results with different error bars, 

mean is the correct way to do that. In cases like this, it is reasonable that data points 

with smaller error bars get larger weight. Thus, we should calculate a weighted mean 

and its error (Taylor ch. 7, eq.’s 7.10 - 7.12). Notice that Taylor uses symbol  for the 

error even though the equation is valid for other errors than those calculated with the 

deviation of mean. At JYFL we use symbols   or , which applied to equation 7.12 

would mean xbest. Assume now, that you have measured times: 5,0 ± 0,1 s, 5,4 ± 0,5 

s, 5,5 ± 0,5 s and 6,0 ± 1,0 s. Calculate the result as a mean and weighted mean with 

errors, naturally. What do you observe? 

5. Mean and weighted average, part 2. Often selection of wrong method gives 

coarsely wrong estimates of the result and error. Apply the two methods of previous 

home work. to following set of  times: 5,0 ± 0,1 s, 5,0 ± 0,5 s, 5,0 ± 0,5 s and 5,0 ± 1,0 

s. What do you conclude? 

6. Least squares line (or regression) line. Practice the use of a plotting program Origin 

doing task 7 in approximation 3 by your self. Print your figure and return it together 

with your report. It is acceptable to draw the error lines by hand. 

Table 1: Times and distances for task 6. 

Time  

(s) 

0,5 ± 

0,02 

1,04 

± 0,1 

1,67 

±0,01 

2,27 

± 0,1 

2,91 ± 

0,012 

3,50 ± 

0,1 

4,10 

±0,02 

4,80 ± 

0,01 

5,35 ± 

0,012 

Distance 

(m) 

0,25 

±0,11 

0,50 

± 0,1 

0,75 ± 

0,12 

1,00 

± 0,1 

1,25 ± 

0,13 

1,50 

±0,15 

1,75 ± 

0,1 

2,00 

±0,12 

2,25 ± 

0,15 

 

7. Write the conclusions. Section "Conclusions" is mandatory, always! Write such a 

chapter for this work as well. It should deal with e.g. validity of work done, trustworthy 

and significance of results etc. Write “Conclusions” using some text-editing program 

like Word.  

8. Front page of the report. Reports are normally written using some text -editing 

program. Practice further the use of Word (or some other corresponding) and write a 

front page for your report.  


