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U-tube manometer

The aim of this experiment is to show that a U-tube that is partially filled with a liquid can be used as a
pressure measuring device (manometer).
Equipment
1 Clamp on a magnetic base
1 Scale for the demonstration board
1 Gas syringe holder on a magnetic base
Support rod, stainless steel, l = 100 mm,
1
d = 10 mm
2 Slotted weight, black, 10 g
2 Slotted weight, silver bronze, 10 g
1 Slotted weight, black, 50 g
1 Gas syringe, 50 ml
1 Rubber caps, 1 taken from
Glass tube holder with a tape meas2
ure clamp
1 Beaker, 100 ml, plastic

02151-01
02153-00
02156-00
02030-00
02205-01
02205-02
02206-01
02610-00
02615-03
05961-00

Glass tubes, d = 8 mm, l = 375 mm, 2
taken from
1 Funnel, d= 50 mm, plastic
1 Silicone tube, di = 6 mm, 0.6 m
Laboratory marker, non-permanent,
1
black

1

Additional equipment
1 Demo physics board with a stand
1 Microspoon, stainless steel
1 Food colouring, patent blue V

36701-67
36890-00
47530-00
46402-01

02150-00
33393-00
48376-04

36011-00

Set-up
Set the U-tube manometer up as shown in Figure 1.
Connect the two glass tubes with a piece of silicone tube of approximately 10 cm and join them by
way of the glass tube holders in order to form a firm U-tube.

Fig. 1:

Experiment set-up (at the beginning of the experiment, the gas syringe is used without the plunger)
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The U-tube manometer

Clamp the support rod horizontally into the upper glass tube holder and fasten it into the clamp.
Place the scale between the glass tubes on the board so that the 20 cm mark (as the "zero" of the
manometer) is located approximately in the middle between the two glass tube holders.
Colour some water in the 100 ml beaker. This requires only a small amount (tip of a spatula) of food
colouring.
Fill the manometer carefully with the coloured water approximately up to the 20 cm mark (use the
funnel with a small piece of tube).
Move the scale of the U-tube manometer so that the water column ends around a height of 20 cm.
The lower edge of these menisci can be marked on the glass tubes by way of a laboratory marker, if
desired.
Remove any trapped air bubbles by squeezing the tube.
Position the 50 ml gas syringe without its plunger on the board by way of the holder.
Connect the gas syringe to the manometer with a piece of tube of approximately 50 cm.

Procedure
Insert the plunger carefully into the cylinder of the gas syringe and read the difference in height h between the menisci of the water columns as quickly as possible off the U-tube. Note the values of h
down in Table 1.
Note: If the 20 cm mark has been adjusted as the zero line, it is sufficient to read the height difference off on only one side and to double this value.
Pull the out of the syringe, load with a slotted weight of 10 g, and reinsert it into the cylinder. Note
down h.
Repeat this loading process in steps of 10 g, each time measuring and noting down the values for h.
Observations and results
Cross-sectional area of the cylinder A = 4.9 cm2
Mass of the plunger m = 67 g
See Table 1 for the measurement values for the mass and height difference as well as for additional calculations.
Evaluation
Calculate the weight force with which the plunger presses on the air in the cylinder based on the given
mass values and enter the force values into column 3 of Table 1.

Fg = m . g . h
With g = 9.81 m/s2.
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Calculate the gas pressure values based on the weight force and cross-sectional area of the cylinder.
Enter the values into column 4.

p = Fg / A
When the values for the height difference h are plotted against the pressure p (Fig. 2), the resulting
graph is a good approximation to a straight line. The extension of this line runs through the origin of the
system of coordinates. This means that h is proportional to p:

h~p
This can be confirmed by calculating the quotients (see column 5 in Table 1).
This means that the U-tube can be used as an instrument for measuring the pressure in gases. For this
purpose, the manometer is connected to the vessel that contains the gas.

Notes
Prior to the introduction of the SI units, cm WC (centimetre of water column) was the pressure unit
that was used when relatively small pressure or pressure differences were measured.
For the quality of the values that are measured for the height h, it is very important that the plunger
of the gas syringe does not get stuck or seal the gas syringe in an insufficient manner. Contaminants should be removed by careful cleaning with alcohol or acetone.
After the experiment, attach a rubber cap to the connector of the gas syringe in order to prevent the
plunger from falling out of the syringe.
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The U-tube manometer

Room for notes
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Hydrostatic pressure

The hydrostatic pressure (pressure exerted by weight) depends on the depth of immersion h and on the
density ρ of a liquid. This experiment demonstrates the relationship between the pressure p and the
quantities h and ρ.
Equipment
1 Clamp on a magnetic base
Clamp holder, d = 0…13 mm, on a mag1
netic base
2 Scale for the demonstration board
Pointers for the demonstration board, 4
1
pieces
1 Support plate, magnetic
Support rod, stainless steel, l = 100 mm,
1
d = 10 mm
Glass tube holder with a tape meas2
ure clamp
1 Beaker, 600 ml, tall
1 Beaker, 100 ml, plastic
1 Funnel, d= 50 mm, plastic

02151-01
02151-07
02153-00
02154-01
02155-00
02030-00
05961-00
36006-00
36011-00
36890-00

Glass tubes, d = 8 mm, l = 375 mm, 2
taken from
1 Silicone tube, di = 6 mm, 0.6 m
Laboratory marker, non-permanent,
1
black

1

36701-67
47530-00
46402-01

Additional equipment
Demo physics board with a stand
02150-00
Microspoon, stainless steel
33393-00
Food colouring, patent blue V
48376-04
Glycerol, 250 ml
30084-25
Alcohol (spirit) (250 ml taken from 311501
31150-70
70)
1 Ruler, 20 cm, transparent
1
1
1
1

Set-up
Set the U-tube manometer up as shown in Figure 1.
Connect the two glass tubes with a piece of silicone tube of approximately 10 cm and join them by
way of the glass tube holders in order to form a firm U-tube.

Fig. 1:

Experiment set-up (at the beginning of the experiment, the probe is located above the beaker)
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Hydrostatic pressure

Clamp the support rod horizontally into the upper glass tube holder and fasten it into the clamp so
that it can be seen from the front (Fig. 1). As a result, the glass tubes are very close to the board.
Place the scale between the glass tubes on the board so that the 20 cm mark (as the "zero" of the
manometer) is located approximately in the middle between the two glass tube holders.
Colour some water in the 100 ml beaker. This requires only a small amount (tip of a spatula) of food
colouring.
Fill the manometer carefully with the coloured water approximately up to the 20 cm mark (use the
funnel with a small piece of tube).
Move the scale of the U-tube manometer so that the water column ends around a height of 20 cm.
The lower edge of these menisci can be marked on the glass tubes by way of a laboratory marker, if
desired.
Remove any trapped air bubbles by squeezing the tube.
Fasten the magnetic support plate next to the manometer in the lower area of the board as shown in
Fig. 1.
Position the clamp holder with the immersion probe above the support plate and clamp in the immersion probe.
Connect the immersion probe to the U-tube manometer with a piece of tube of approximately 50 cm.

Procedure
Fill the beaker with approximately 500 ml of water and place it on the support plate.
Attach the second scale perpendicularly to the board next to the beaker so that the zero line is
aligned with the water surface and that the water depth can be measured (Fig. 1).
Lower the clamp holder with the immersion probe until the lower edge of the immersion probe is 2
cm below the water surface. Loosen the clamp of the clamp holder for the fine adjustment.
Note:
The depth of immersion h is the distance between the lower edge of the menisci of the water in the
beaker and of the water at the lower edge of the immersion probe. Use a transparent ruler in order to
ensure an exact measurement.
Measure the height difference hM at the manometer (between the lower edges of the menisci).
-

Enter the measurement values h and hM into Table 1.

-

Lower the immersion probe further in steps of 2 cm, each time measuring h and hM.
In order to examine the dependence of the hydrostatic pressure on the density of a liquid, repeat the
experiment with alcohol (spirit) and then with glycerol.

-

Observations and results
The deeper the immersion probe is immersed in the liquid, the greater the height difference will be in the
manometer.
The height difference hM at the manometer in the case of alcohol (spirit) is smaller than in the case of
water for every immersion depth h. In the case of glycerol, it is greater.
All the measurement values have been entered into Table 1.
Evaluation
The values for hM are plotted as a function of h for water, alcohol (spirit), and glycerol in the same system
of coordinates (Fig. 2). This results in three straight lines. All of them pass through the origin, but they all
have different gradients: Glycerol has the biggest gradient and alcohol (spirit) has the smallest.
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The following applies to all of the liquids:

hM ~ h

or

hM / h = const.

This is also substantiated by the calculation of the quotients (column 3 in Table 1).
The U-tube manometer is a pressure measuring instrument. The height difference hM is a measure of the
hydrostatic pressure p. The experiment, therefore, shows:

p~h
This means that the hydrostatic pressure is proportional to the depth of immersion of the immersion
probe, i.e. to the height of the liquid column above the measuring point.
Table 1 includes the mean values of hM / h for the three liquids. Within the limits of the measurement accuracy, they correspond to the numerical values of the densities of the substances in g/cm3 (see note 2).
Water ρw = 1.00 g/cm3
Alcohol (spirit)

ρsp = 0.85 g/cm3

Glycerol ρgl = 1.20 g/cm3
In order to prove the proportionality between the pressure p and the density ρ, the values for the height
difference hM are read off in Fig. 2 with the aid of the three straight lines of the liquids and for an immersion depth h = 12 cm. These values are then entered into Table 2. Fig. 3 shows these height differences
hM as a function of the density ρ of the liquids. The result is a straight line that runs through the origin of
the system of coordinates or a constant quotient hM / ρ (see Table 2 and Fig. 3).
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Hydrostatic pressure

As a result, the following is true:

p~ρ
The experiment shows that the hydrostatic pressure is proportional to the depth of immersion and also to
the density.

p~ρ.h
Notes
1. By way of the calculation of the quotients in column 3 of Table 1, this experiment provides exactly
the densities of the liquids in g/cm3 because the pressure measuring instrument is a water-filled Utube manometer that indicates the pressure in the (old) unit cm WC (centimetre of water column).
With a different type of manometer that indicates the pressure hPa, this would not be the case.
2. The hydrostatic pressure p at the depth h results from the force exerted by the weight of the liquid
column FG over the area A:
p = FG / A
With the force FG = ρ . V . g (with g = 9.81m/s2) and the volume V = A . h, the following results:
p~ρ.g.h
3.

4

The hydrostatic pressure at the depth h is equal in all directions and it is not dependent on the
shape of the measuring probe.
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A (homogeneous) liquid has the same level in connected vessels. The first part of the experiment shows
that it is independent of the shape of the vessels. The second part of the experiment demonstrates the
principle of a flexible tube level (or water level).
Equipment
1 Rod on a magnetic base
Clamp holder, d = 0…13 mm, on a mag1
netic base
Pointers for the demonstration board, 4
1
pieces
Efflux vessel for the demonstration board,
1
magnetic
1 Immersion probe
1 Inclined plane
1 Rollercoaster track

02151-02
02151-07
02154-01
02158-00
02632-00
02152-00
02159-00

1 Glass beaker, tall, 600 ml
1 Silicone tube, di = 6 mm
Laboratory marker, non-permanent,
1
black
1
1
1
1

Additional equipment
Demo physics board with a stand
Microspoon, stainless steel
Food colouring, patent blue V
Set square

36006-00
47530-00
46402-01

02150-00
33393-00
48376-04

Set-up and procedure 1
Connect a piece of silicone tube of approximately 1 m to the efflux vessel and position the vessel in
the top left-hand area of the demonstration board.
Position the clamp holder with the immersion probe in the top right-hand area and connect the other
end of the tube to the probe (Fig. 1).
Fill approximately 500 ml of water into the beaker and colour it with the food colouring.

Fig. 1:

Experiment set-up 1
www.phywe.com

P1296901

PHYWE Systeme GmbH & Co. KG © All rights reserved

1

MT
6.3

-

-

-

Communicating vessels

Fill water into the efflux vessel until it can be seen in the glass tube of the immersion probe.
Remove any trapped air bubbles by squeezing the tube repeatedly.
Lower the immersion probe or add some more water carefully until the water has risen into the bellshaped top of the immersion probe (Fig. 1).
Use the set square to mark the position of the liquid levels on the board with the laboratory marker
and accentuate them by way of horizontal pointers.
Move the immersion probe upwards or downwards or to the sides, incline it to various degrees, and
observe the water level.

Observations 1
The liquid levels are always at the same level (on the line that has been drawn), regardless of the position or inclination of the bell-shaped top of the immersion probe.
Evaluation 1
In connected (communicating) vessels, a liquid always stands at the same level. The liquid levels are all
on the same horizontal plane.
The reason for this is the hydrostatic pressure (pressure exerted by weight). It is identical in all directions
at the lowest point of a system of communicating vessels and it is dependent on the height of the liquid
column and not on the shape of the vessels.

Fig. 2:

2

Experiment set-up 2
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Set-up and procedure 2
Loosen the clamp in the clamp holder and pull the immersion probe upwards so that the water level
is located in the glass tube of the probe (Fig. 2).
Attach the inclined plane, which will be used as a track, horizontally to the board between the two
pointers that mark the water levels in the vessels.
Pull the little yellow screw of the inclined track out as far as possible and position the rod on a magnetic base directly next to the other end of the track. Both the screw and rod are used as stops for
the little car.
Place the little car (included in the scope of supply of the rollercoaster) in the middle of the track and
observe it.
Incline the track to the left and right and observe the car.
Note: Due to friction, the car should be pushed slightly. Ensure that the inclination is not too small.
Observations 2
The car does not move on a horizontal track. When the track is inclined, it rolls downwards (i.e. it performs an accelerated motion).
Evaluation 2
The second experiment demonstrates an application of communicating vessels: A flexible tube level (water level) can be used to adjust two points that are located at a great distance from each other at the
same level. This method is used, for example, for the horizontal alignment of a road track.
Note
Flexible tube levels are mainly used in civil engineering and landscaping. In civil engineering, flexible
tube levels can also be used over short distances during the design or renovation of rooms. In landscaping, they are used for levelling over greater distances. In this case, distant points are sighted over the
two liquid levels and their difference in height with regard to the horizontal plane of the liquid levels is determined by way of graduated level staffs.
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