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Introduction 

In a Physics class, lab work is essential. Experimental physics projects are an oppor-
tunity for educators to make more interesting Physics to students. Experiments that 
involve knowledge of many parts of physics are important to develop their creativity 
and to make knowledge more significant for students (significative learning) [1]. The 
laboratory of Physics is also the place where students get the opportunity to do phys-
ics. It is in the laboratory that students learn to practice the activities of scientists – 
asking questions, performing procedures, collecting data, analyzing data, answering 
questions, and thinking of new questions to explore. Physics teachers should exploit 
the laboratory projects to teach in a more interesting manner this subject. It is also 
important to do the experimental work with materials easy to find, otherwise students 
get the impression that science can be performed only with sophisticated equipment. 
On the other hand, there are schools in some developing countries which do not have 
equipped laboratories and no computers at all. Students in those schools do not have 
the opportunity to manipulate modern technology used today for physics experi-
ments. Teachers in these schools need to learn simple and easy ways to prove physi-
cal facts of nature to their students. 

We present here two simple experiments to measure the atmospheric pressure with 
the materials easy to find and no cost at all. These experiments can be performed by 
high school students and permit them to diminish the error by modifying the experi-
ment in an easy manner. 

Measuring Patm using a ping pong ball and water containers 

A precise measurement of atmospheric pressure is based on the well-known demon-
stration in which a cup of water is covered with a pressed piece of cardboard and in-
verted [2]. When the cardboard is released, no water spills out. The explanation is 
straightforward. Forced by gravity to slip downward slightly, the column of water 
acts like a piston, reducing the air pressure inside the cup until equilibrium is achie-
ved. The slip distance is small (typically less than a millimeter) and so the cardboard 
is displaced only very slightly from the glass. The surface tension of the water is 
sufficient to prevent it from seeping out through the tiny gap. The demonstration 
works reliably with a short cylindrical container but can often fails for a tall partly 
filled cylinder or bottle [3, 4] because the slip distance depends on the volume of 
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water in the container. We modify the demo using a ping pong ball instead of the flat 
card as shown in Fig. 1, which makes the experiment more simple and measuring. 

 

Figure 1. The use of a ping pong ball simplifies the experiment and makes it 
measuring. 

We start with a glass bottle that is partly full of water and hold a ball firmly against 
the top as we invert the bottle (Fig 2(a)). If the ball is simply released, the column of 
water would slip so far down that it would push the ball away from the opening and 
all the water would spill out. Instead, we hold the cardboard loosely and allow water 
to gradually drip out of the bottle into a cup below (Fig. 2(b)). The dripping continues 
until the difference in the air pressure inside (P) and outside (atmospheric, Patm) ba-
lances the pressure ρgh that the water column exerts onto the ball (here h is the height 
of the column, ρ is density of water or whatever liquid is used, and g is the freefall 
acceleration). At that point the dripping ceases (Fig. 1(c)). The equilibrium condition 
is 

 P + ρgh = Patm  (1) 

 

Figure 2. Schematic representation of the experiment: (a) initial position; (b) water is 
gradually released; (c) equilibrium is achieved [2]. 
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While the water is dripping out of the bottle, it is important to keep any outside air 
from leaking in. Heating by the hand holding the bottle should also be prevented. If 
these conditions are satisfied, the mass and temperature of the air inside the bottle 
remains unchanged during the process, and we can use Boyle’s law to write 

 PatmV = P(V + ∆V) (2) 

Here V is the initial volume of air inside the inverted bottle and ∆V is the increase in 
the air’s volume, which exactly equals the volume of the water that dripped into the 
cup below. 

Solving Eq. (1) for P and substituting into Eq. (2) gives, after a bit of rearranging, 

 Patm = ρgh(1 + V/∆V) (3) 

Using the known values of ρ and g, along with the easily measured values of V and 
∆V, Patm can now be determined. 

Alexander´s diving bell measuring Patm 

Another simple hydrostatic experiment to measure the atmospheric pressure is again 
an application of students’ knowledge of gas laws [5]. They lower a straight trans-
parent test tube open end down into a tank of water. Due to the pressure of the captu-
red air, water level inside the tube never reaches that of the tank. To determine the 
atmospheric pressure, students must measure the depth of the tube’s lowering the 
water level inside the tube; the local value of the acceleration of gravity must be 
known. We suggest attaching the tube to a bigger air-filled container, which dramati-
cally increases accuracy of measurements and opens a variety of experimental possi-
bilities [6]. 

Figure 3 and 4 show the experimental set up required for this experiment [5].  

 

Figure 3.The tube is submerged with the open end down into a water tank. By 
measuring h and H, it is possible to determine Patm. 

From Figure 3 and from the Clapeyron-Mendeleev equation, we get 
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If the temperatures inside and outside the tube are equal T1 = T2,  
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But also P1 = Patm , the atmospheric pressure and thus P2 = Patm + ρgh. 

From the last two equations we get  
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From this equation we finally obtain 
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Or for a series of measurements with varied H, using (6), we can plot ρgh vs 
2V
VPatm . 

The graph is a straight line with the slope being Patm. 

Crucial for the method to be practical is the right choice of the apparatus’ parameters 
(Fig. 4), in particular, of the ratio between V1 and H. Otherwise, either h or the H – h 
difference are too small to measure in class conditions. 

 

Figure 4. The volume of the air V1 is increased by attaching a large container (left), or 
by taking a long enough hose (right). H–h is dramatically increased with this 

adaptation. 

Conclusions 

The presented experiments were performed by a variety of students, ranging from 
high school to university in USA and Ukraine for the case of the water containers 
with a ping pong ball [2] and Mexico and Ukraine for the modified Alexander´s di-
ving bell experiment, where in fact students were able to measure the acceleration of 
gravity assuming the atmospheric pressure was known [6]. Those experiments allow 
students to develop their creativity by making modifications in order to make the ex-
periment more precise. Students were able to apply their knowledge and to actually 
experience scientific work. These experiments also motivate students and, as assign-
ment projects, they encourage new lines of thinking. In all cases, students exhibited 
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strong engagement and high interest suggesting new ideas on how to improve the re-
sults. 

With those simple experiments, students also realize that in order to experience 
science it is not necessary to have expensive equipment. They can use objects from 
everyday life which have no cost at all. These activities also encourage educators and 
students from schools with poor equipment in their laboratories to experiment and 
obtain important physical constants. 

It is hoped that educators apply these experiments in their lab work with their stu-
dents and also suggest new ways to improve the accuracy of the measurements. De-
tails and measuring results can be found in [2] and [6]. 
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