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water level falls below the pressure sensor at the upper open-
ing. The corresponding region, shown on the lower right of 
Fig. 4, was not used when calculating the linear fit.

The absolute pressure (Pabs) is the sum of the fluid pres-
sure (Pf) and atmospheric pressure  (Patm):

 
    Pabs = Pf + Patm             (2) 

or
        Pf = Pabs – Patm .               (3)

The fluid pressure exerted by the water on the container 
wall is related to the height of the water h through the estab-
lished relationship 

  Pf = r g h.            (4)

The constant of proportionality between Pf and h is the spe-
cific weight or the product fluid density (r) 3 acceleration 
due to gravity (g). We can write

     Pf = Pabs – Patm = r g h = r g (D – d)           (5)
or
     Pabs = r g (D – d) + Patm,          (6)
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Instrumentation available for teachers and students has 
changed considerably during the last 20 years. The data 
logger- sensor system has the advantage of taking reli-

able measurements over time with suitable sample rates. 
This experiment is not an open ‐ended investigation but an 
opportunity to explore the established relationship between 
the pressure exerted by a fluid above a point in a cylinder of 
water and the height of water above that point. Both motion 
and pressure sensors1 are employed, leading to a measure-
ment of the acceleration due to gravity. Earlier electronic 
data sampling techniques have been used to investigate fluid 
properties in a variety of experiments.2

The apparatus
A plastic graduated cylinder with two openings on its side, 

one for water to exit the cylinder and the other to connect the 
pressure sensor (Fig. 1), is used. Melting or drilling holes in 
the walls of the cylinder can make the openings. The water 
flow out of the cylinder via the lower opening can be blocked 
manually with a small cork or with a ball of playdough. The-
motion sensor is placed above the cylinder with the aid of lab 
stands and clamps. A thin rigid plastic disc that floats on the 
surface of the water allows the distance between the motion 
sensor and the disc to be measured simultaneously with the 
pressure at a distance h below the water surface as the water  
flows out of the cylinder (Fig. 2). The upper surface of the disc 
coincides with the surface of the water. The height h of the 
water above the pressure sensor is related to the distance d be-
tween the floating disc and motion sensor through

h = D − d,              (1)

where D is the fixed distance between the position of the 
pressure sensor, at the center of the upper opening in the 
cylinder, and the motion sensor.

Collection of data
The absolute pressure and distance data, shown in Fig. 3, 

are collected with the combined data logger-sensor system 
with a sample rate of 10 Hz. The absolute pressure is the sum 
of the fluid and atmospheric pressure. The stable pressure, 
after the water level has fallen beneath the upper opening in 
the cylinder, is atmospheric pressure with value 100 ± 1 kPa. 
As expected the absolute pressure falls as the height h of the 
water above the pressure sensor decreases. 

Analysis of data
A graph of absolute pressure versus distance between the 

motion sensor and the floating disc is displayed in Fig. 4. The 
absolute pressure stabilizes at atmospheric pressure when the 

Fig. 1. Two openings on side of cylinder. Water exits 
from lower opening. Pressure sensor attached to upper 
opening.

Fig. 2. Diagram showing the motion sensor placed above 
the cylinder, the disc floating on the water’s surface, and 
pressure sensor connected to the cylinder wall.
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which leads to

      Pabs = –(r g) d + (Patm + r g D).                 (7)

A plot of Pabs versus d as shown in Fig. 4 indicates a slope 
value of –r g and y-intercept value Patm + r g D. The linear fit 
tells us 

−(r g) = –10.0 ±  2.0310 -3 kPa.m-1             (8)
and
       Patm + r g D = 104.2 ± 6.0 310-4 kPa.         (9)

The errors in this case represent errors on the linear fit and 
not on the instrument readings, which in the case of the 
pressure sensor are significantly higher with a limitation of 
± 1 kPa. The error contribution from the pressure sensor 
was not considered for the next calculations although its 
presence has a significant effect on the range of values of the 
slope of the Pabs-versus-d plot. One can use the slope value, 
knowing the density of water, to calculate the acceleration 
due to gravity:

                                                    (10)
   

.

The density of water, given the acceleration due to gravity, is
found from 

             (11)3g.

the reference values being r = 1.0 g .cm-3 and g = 9.8 ms-2 .

Conclusion
The experiment, although verifying a known behavior, al-

lows the data logger ‐sensor combination to be creatively used 
to simultaneously measure fluid height and pressure. One 
outcome is the determination of an approximate value for the 
acceleration due to gravity. The apparatus can also be used to 
measure densities of different fluids. Other fluid-related laws 
and properties can be studied through this “leaking” cylinder 
system.2 The possibilities are many.

Fig. 3. The variation of distance between the motion sensor and 
the floating disc, and absolute pressure, with time.

Fig. 4. The variation of absolute pressure for different distances 
between motion sensor and the floating disc.
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