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1. Introduction 

 

In almost all countries in the world it is the same, in physics class in high school, it is always told, 

that we are not able to do it the real way, because it would be too difficult, or if we would like to 

know it, we have to go to university. One of those topics is air resistance. When we have to 

calculate for example the speed or the acceleration of a falling object, then the teacher’s most 

common sentence is “But we don’t take air resistance into account”. But is it really that difficult? 

In this project we wanted to find out, how to calculate air resistance and what it means for every- 

day-physics. 

 

 

2. Measurements and instruments 

 

The two countries working on that topic “Air Resistance” were Finland and Romania. Both partners 

started the project in their own country with some series of measurements. In Romania a speed-

camera were used to get data of dropping object like falling distance during time and finnish team 

did the recording by Vernier sonic radar and iPad’s viceo recorder.  

 

 

Picture 1: Ben Block and Violetta Nurmi preparing the sonic radar measurements of the           

free fall of beachball in the main hall of Lysonpuiston lukio. 

 



Each country used different types of objects to get a wide spectrum of data. In the measurements 

objects like balls, sponges and balloons were used. Different objects were dropped from different 

heights to test the instruments and set up. When everything was ready for the final measurement it 

was carried out and the motion was monitored as a function of time. In many cases repeated to minimize 

th random errors.  

The dimensions of the objects and their masses were measured as well as photographed. Some of the 

objects are shown in Picture 2.  

 

                        

                         

Picture 2: Some of the objects studied in the project. 

 

Vernier sonic radar attached to PC were used for the large objects like beachball, basketball and sponge. 

The sonic radar transmits a series of ultrasound pulses which are received after reflection of the moving 

object. The object was released to fall for several meters and the radar was aimed vertically downwards 

at the object moving towards the centre of Earth due to gravitational force acting on it. The radar 

measurements were performed in the main hall of Lyseonpuiston lukio. It has large open hall with three 

floors making it easy to have wide enough range of falling distance to study the effects of air resistance 

properly. The resistive force due to air friction depends on the speed as well as mass and the geometry of 

the object as will be explained later and therefore some of them (especially basketball) requires greater 

falling distance to reach high enough speed. 

 

Smaller objects like floor ball or badminton ball can not be examied by sonic radar because it is extermely 

hard to keep them in the radar beam. The pulses echoed from the moving object are mixed with the 

echoes coming from the floor which ruins the the data and makes it invalid. To avoid the problem we made 

video recodings of the fall using iPad´s camera. The motion of the object was then tracked by the Video 

Physics software. The position of the of the object was marked frame by frame and the softaware then 



calculated the mean vertical speed between any two consecutive frame as a function of time. Picture 3 

below shows how th motion is tracked and the graph of vertical speed given by the Video Physics 

software. This method was carrried out both Romanian and Finnish teams.  

 

         
 

Picture 3: Sponge falling in the main hall of Lyseonpusiton lukio. It is tracked by iPad’s Video Physics 

(blue dots) and its vertical position with respect the floor is shown as a funtion of time. 

 

Both teams obtained a large set of raw data including position, speed and acceleration as a function of 

time. Both teams wrote their data into Microsoft Excel tables and uploaded them as well as all the 

videos, photograps etc.. in itslearning.com platform for the use of both teams. Table 1 below shows an 

example of procecced data set. 

 
Beachball, test run 1:  
Columns from left  
t(s), s(m), v(m/s), a(m/s2) 

  

Beachball, test run 2: 
Columns from left  
t(s), s(m), v(m/s), a(m/s2) 

 0,05 0,155509 -0,04159 0,454664 
 

0,05 0,152439 0,00034 -0,00272 
0,1 0,15218 -0,01525 0,344351 

 
0,1 0,152456 0,000255 -0,00251 

0,15 0,15368 0,001952 0,171566 
 

0,15 0,15249 -5,10E-05 0,009658 
0,2 0,153525 -8,67E-05 0,03316 

 
0,2 0,152439 -0,00017 0,083536 

0,25 0,153473 -0,00031 -0,01019 
 

0,25 0,152439 0,001039 0,427525 
0,3 0,153439 -0,00119 -0,0358 

 
0,3 0,15249 0,016266 1,470218 

0,35 0,153439 -0,00379 -0,04504 
 

0,35 0,15249 0,092858 3,641973 
0,4 0,153128 -0,00648 -0,02927 

 
0,4 0,153868 0,343149 6,43622 

0,45 0,153042 -0,01197 0,069711 
 

0,45 0,177023 0,790017 8,145005 
 

Table 1. An example of raw data sets obtained by sonic radar. The tables show the time, 

position, velocity and acceleration of a falling beachball. 



With those data we all went to the project meeting in Mikolow, Poland. There not only Finland and 

Romania took part, also other countries like Iceland, Norway and Poland participated. It was not a 

holiday-trip, we were there to do math and physics. In our constellation, Romania-Finland, we started 

to think about the theory of air resistance and how to combine it with our data. We decided as a group 

which models representing air resistance we would take into account and how those will be useful for 

us.  

 

3. Physics models of air friction and use of mathmatical software to solve equations of motion 

As mentioned earlier the air frition is mostly ignored in high school physis. This is because it  leads to 

too advanced mathematics for our level. 

Our goal in that cooperation was to find out, what is air resistance, how does it work and how to 

calculate it. We knew before, that there are different models to plot air resistance and we wanted also 

to find out, what model would be the best for what kind of object. One big question of us was “Is the 

difficulty of air resistance really a reason not to teach it on high school?” With those goals in our 

heads, we started to work on that project. 

In theory, air resistance is very easy, but when we take a closer look, it gets pretty difficult. You can 

show the function of air resistance as force with a constant and speed, because the speed has the 

biggest chancing influence on the air resistance of a falling object. For that kind of equation there are 

three different models. Stokes model defines the function of force as a product of constant k1 times 

the speed of the falling object. The function of Newton’s model is also a product, but the factors are 

a different constant k2 and the speed squared. The third model is a combination of both. The equation 

combines both models as sum. That was the easy part. 

 

Stokes model:                      F = k1v 

Newton’s model:                 F = k2v
2

 

Combination:                       F = k1v + k2v
2

 

 

You can express the speed as a derivative of the distance during time: 

v(t) = ds/dt = s’(t) 

At the same time you can express the acceleration as a derivative of velocity during time: 

a(t) = dv/dt = s’’(t) 

Newton’s second law states that the sum of all forces acting on a falling object is the product of mass 

and acceleration. 

ΣF = ma 

 



The forces which are affecting the falling object are gravitational force and air resistance, so the sum 

of the forces is gravitational force minus air resistance, because air resistance affects in the opposite 

direction to the gravitational force. 

ΣF = G – F = ma 

 

The function of gravitational force is the mass times gravity: G = mg. 

Now we can express the different models of air resistance as form of Newton’s 

second law and we will end up with following equations: 

Stokes model:                    G – F = ma 

mg – k1v = ma 

mg – k1s’(t) = ms’’(t) 

ms’’(t) + k1s’(t) – mg = 0 

 

Newton’s model:            G – F = ma 

mg – k2v
2 

= ma 

mg – k2s’(t)
2 

= ms’’(t) 

ms’’(t) + k2s’(t)
2 

– mg = 0 

 

Combination:                      G – F = ma 

mg – (k1v + k2v
2

) = ma 

mg – k1s’(t) – k2v
2 

= ms’’(t) 

ms’’(t) + k1s’(t) + k2s’(t)
2 

– mg = 0 

 

In the Stokes model the constant k1 is a product of six times pi, the dynamic viscosity (μ), in this 

case of air and the radius (r) of the object: k1 = 6πμr. Substitution gives: 

Stokes model:                      ms’’(t) + 6πμrs’(t) – mg = 0   (1.) 

 

In the Newton’s model the constant k2 is a product of the area (A) of the surface of the object, the 

density (ϱ), here the density of air and the drag coefficient (cd): k2 = ½*cd*ϱ*A The coefficient 



verifies with the kind of object, so a ball has a different drag coefficient than a sponge. Now we can 

past those constants for k into the differential equations. It gives: 

Newton’s model:                 ms’’(t) + ½cdϱAs’(t)
2 

– mg = 0    (2.) 

Combination:            ms’’(t) + 6πμrs’(t) + ½cdϱAs’(t)
2 

– mg = 0 (3.) 

 

The equations above are so called differential equations which are not included in the mathematics 

syllabus. Stokes model could be solved by means of basic integral calculus, but the latter two we can not 

do. Especially solving equation 3 is far beyond the syllabus of high school matmatics. 

For that reason we used Wolfram Alpha softaware to solve the differential equations for position, 

speed and acceleration of the falling object in question. It can be used online in the internet and it is 

based on the Wolfram Mathematica software. 

 

Picture 4: A screen-shot of Wolfram Alpha software used to solve equations of motion 



Picture 4 shows the interface of Wolfram Aplha. In the input line the Newton model differential 

equation is given with appropriate information of object (mass, cross-sectional are), density of the 

medium (air) and boundary conditions for the motion (released from rest at the origin). 

The software identifies the equation to be type of second order non-linear ordinary differential 

equation. It also gives alternative forms of the equation and solves it for position, speed and 

acceleration with respect time. There are also two graphs for the solutions of the equation. The 

software also provides user with massive amount of information in mathematics and physics related to 

the equation solved. 

We solved all three equations for different objects with Wolfram Alpha. This work would have take 

ages without the help of the software.       

 

4. Results 

The ultimate goal of the project was to compare the theoretical models of air friction with empirical 

data for different type of objects in free fall. We succeeded to obtain the data and also construst 

the models with an extensive use IT. 

 In the meeting in Mikolow Poland both teams worked together to visualize the the theory and the 

experimental data. Freewre Graph software is easy to use for creating graphs so decided to use it. 

The data sets for different objects obtained with Vernier sonar and iPads Video Physics were plotted 

together with functions solved by Wolfram Alpha for further analysis. 

An example of very succesfull measurement is given in picture 5 showing the position of beachball in 

free fall. Dotted lines show the data obtained in two trials and solid lines the two models of air fricion. 

Actually the combined model is also in the graph but it is in this case overlapping with Newtons model.  

 

 

Picture 5. Experimental and theoretical position of a falling beachball 



Picture 6 shows the acceleration of a falling sponge as an example greater difference between 

practice and theory and also the difference between theoretical models. Acceleration apparently 

approaches zero as the falling object reahes its terminal velocity the air friction being equal to 

gravitational force. 

 

Picture 6: Experimental and theoretical acceleration of a falling sponge 

 

So in the end of that meeting we got for each object different graphs which were now comparable 

with our data. At that point all experimental and mathematical work was done and the evaluation work 

just started.  During the project web page  www.itslearning.com we communicated through thousands of 

kilometers between Finland and Romania to get the first cooperation to an end. 

We found out that not all models are working with the same accuracy for different objects. The 

Stokes model was the least accurate model in our experiment. Normally it is used for very small, very 

light and very fast objects. We think that’s why it didn’t work out in our case. Still it showed in some 

parts, mostly in the beginning of an experiment pretty good accuracy. But in the middle and end part of 

an experiment the values went strongly out of range. 

Newton’s model was our favorite. It was in almost all cases the most accurate model. Not only by 

comparing the falling distance during time, but also in the velocity and acceleration during time. It has 

shown very nicely, when in the experiments the final velocity has reached and the acceleration has gone 

to zero. Especially for objects like the sponge, it was much than Stokes model, because in Newton’s 

model the surface area is used. In Stokes model the radius is used and it is very difficult to define the 

radius of a sponge. The combination of both models differed just a bit from the Newton’s model. In the 

graphs the difference was only to see by zooming a lot. Because the mathematical part of the 

combination was so much more difficult than the Newton’s model, we prefer Newton. The difference of 

the work on those doesn’t replace the difference of their solutions. 

For answering to the question “Is the difficulty of air resistance really a reason not to teach it on 

high school?” is not that easy. At first it depends on the person, who has to calculate something on a 

falling object. If it is just a normal person, we would recommend not to take air resistance into 

http://www.itslearning.com/
http://www.itslearning.com/


account. It would just be too difficult for him or her to do it correctly. There are so many aspects to 

respect. If the person is a physics freak like Sheldon Cooper and he or she has software, which is able 

to handle those kinds of differential equations, then we wish you much fun in the next couple of hours 

you need for doing that. 

The projet produced a large set of raw data which can be used in physics and mathematics courses in 

everyday school work or for any further reserach. 

 

5. About the project 

Some opinions of Finnish and Romanian students: 

The visit in Poland was indeed an enjoyable and full of experience trip. I had the unique opportunity to 

watch all the sights and communicate with all these amazing people. With the help of physics, I 

succeeded to understand even more about the project and I appreciated more learning. In conclusion, 

this experience was unforgettable and I wish that will have in the future the chance to travel again 

with the school. 

This kind of project is inspiring and a cooperation like that may be the solution to attract young 

people’s interest in physics and mathematics. It’s a great way to learn something new and getting to 

know to people from different countries is excellent. It’s a privilege to participate in such projects 

like the Comenius-Project of ESEMES. 

During that cooperation we have learned a lot. Now we know how air resistance works, how to calculate 

it and how it effects in every-day life. We also learned some new mathematical aspects like 

differential equations. But it was not only learning new things, we also made new friends and had a nice 

time in South Poland. 

 

 

written by Ben Block© 

        and slightly edited by Timo Lakkala 

 



 

Picture 7: Teams with teachers in Mikolow meeting 

 

 

 

 

 


