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Abstract The paper expands the classical water jets case to several variants in order to stress the 
importance of differences caused by the media inside and outside of the container. Descriptions of the cases 
employs p(h) graphs that prove to serve as a powerful tool for making predictions and fostering formal 
thinking.  

 

 

1. Introduction 

In a previous MUSE paper, the case of a bottle full of water in which three holes are drilled was 
discussed, in order to answer this question: which jet has the largest range on the (horizontal) 
stand of the bottle?  Here we expand on this situation in order to stress a particular point: the 
emerging jets depend on two media: internal and external to the bottle. 

2. Classical water jets experiment  
 
(See also our previous paper at   
http://education.epsdivisions.org/muse/example-water-jets-bottle-with-holes/bottlewithholes.pdf) 
 
Classical experiment is performed with opened bottle filled with water and atmospheric pressure 
outside the bottle. If holes are punched in the bottle wall at three different heights, the following 
outcome of the experiment can be observed (figure 1).  

 

 

 

 

 

 

 

 

Figure 1. Classical water jets experiment. 
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2.1 Caveats  

As often argued, the water jets would evidence that static pressure in the liquid increases with the 
depth at which a hole is drilled into the bottle.  

-Such reasoning is wrong because the maximum range is obtained when the hole is punched at 
mid-height of the liquid column. And two holes symmetrical with respect to this position result in 
the same range (see previous paper). This is due to the fact that two variables are relevant: 
velocity at the exit hole and duration of free fall out of the bottle. These two variables are linked 
and have opposing effect on the range, hence the existence of extreme. 

-In a more subtle register, this statement is not compatible with the classical solution, also because 
the water jets are part of a dynamic situation. It is classically considered that water is non viscous. 
The solution proposed relies on Bernoulli theorem, applied to the water involved in a given jet, 
once this jet is formed: permanent regime. The water is then considered as flowing in the tank 
from the open surface (patm) towards the exit hole (patm). The velocity thus calculated is the same 
as when a body, starting with zero velocity, has fallen over the same altitude interval. This said, 
the water starts flowing from the fluid in a place where the static pressure is larger than 
atmospheric pressure. 

 

2.2 The water jets: activity 

This activity is described in the previous paper. It is meant to be conducted in the MUSE spirit, i.e. 
with the following successive phases: 

- questioning about the situation and constructing predictions on the basis of arguments; 

- performing the experiment, discussing the outcome in relation to the predictions; 

- constructing the analytical solution;  

- reconsidering previous ideas and their possible origins. 

In particular the two points just recalled are stressed. Moreover, the case when the impact occurs 
at an altitude lower than that of the base of the bottle is discussed.   

 

3. Complementary water jets activities 

Here, we consider a naïve view according to which a  jet demonstrates the static pressure in a fluid 
at the depth of the corresponding exit hole, this without taking into account the other medium. In 
particular, we imagine a way of reasoning in which the flow of the liquid would have natural 
direction out from the perforated recipient.  
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3.1 Educational Added Value:  

The following variants are targeted towards the type of limitations mentioned above. They are 
intended to highlight the following points:  

-The crucial importance of the difference in pressure between internal and external fluids (be them 
liquids or gases) is underlined. 

- The use of graphs is proposed, as a possible contribution to the comprehension of this crucial 
point (the role of differences). 

 

3.2 Materials 

The materials needed to implement these experiments are very simple.  

- A transparent recipient (big cylindrical beaker, or larger) may be filled with a liquid (liquid 1, 
often: water; usually about 500cm3 are sufficient). It may be useful to put some food coloring to 
facilitate the localization of the upper surface of this liquid. 

- A plastic bottle perforated (one or more holes, according to the experiment). At the beginning of 
the experiments, the holes are closed, for example with a tape. The holes can be perforated using a 
hot nail. 

- Another liquid (2), density different from that of liquid 1, non miscible with fluid 1. For instance, 
paraffin oil (density 0,86 g/cm3; usually about 300cm3 are sufficient). 
 

3.3 Staging “jets” v/s “inverted jets”: four variants 

Variants 1 and 2 

The students may be presented the bottle with hole, which is initially covered with tape . Empty 
bottle is immersed in a tank full of water; the bottle is erected (variant 1: fig. 2a) or upside down 
(variant 2: fig. 2b). 

a 

 

 

 

 

b 

 

 

 

 

 

 

Figure 2. An empty bottle, open, is immersed into a recipient full of water (two cases: a and b). A hole, 
drilled at mid-height, is initially covered up (for instance with a tape, in red), and is opened later during the 
experiment. 
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Predictions with argument and discussion  

What if the hole is opened (variants 1 and 2)? 

Will the water “fall” into the interior of the bottle (variant 2)? 

When the bottle is erected (variant 1: fig.2a), it may be rather easy to transpose the classical 
experiment (water jets from a drilled bottle) to this one. Interior and exterior have simply been 
exchanged. In other words the “bottle” is now a cylindrical tore. The altitude intervals have to be 
taken with respect to the level of the free surface in the tank. 

When the bottle is immersed upside-down in the tank (variant 2, fig. 2b and figure 3), some air is 
trapped in the bottle. The neck of the bottle being below the hole, static pressure in the air inside 
the bottle is larger than pressure in the water at the altitude of this hole: it is the air that goes into 
the water, not the other way around. Not only is the direction of the flux inverted (air towards 
liquid) but so is the shape of the trajectory of a bubble (upwards, because the air is less dense than 
the liquid). Although a precise calculation of these trajectories is difficult (neglecting viscosity in 
such a case would be problematic), it can be observed that the motion follows, by and large, a 
parabolic trajectory, and (admitting that the rate of exit of the bubbles is quasi constant), that the 
bubbles accelerate upwards. 

 

 

 

 
The bottle is still full of air: air pressure in the bottle is 
equal to static pressure in the liquid at the level of the 
lower aperture: it is larger than static pressure in the 
liquid at the level of the hole. 

Near the end of the process: air pressure inside the bottle 
is approximately equal to static pressure in the liquid at 
the level of the hole. 

Figure 3. Once the hole is opened, it is the air that passes into the liquid. Bubbles go up, following a 
trajectory which resembles parabola. 
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Using graphs 

Among the possible facilitating tools, graphs pressure/altitude (p/h) can be used, this in order to 
stress the role of differences in pressure, related to the relationship of fluid statics ∆p = - ρ g∆h. 

 

Figure 4. Variant 2: the air pressure inside the bottle is larger than the pressure in the liquid at the 
level of the hole. Due to this difference in pressure, ∆p, a flow of air starts to get out of the bottle 
while the liquid gets into the bottle through the neck, until the liquid reaches the altitude of the 
hole. 

 

Playing (further) with differences: variants 3 and 4 

Once  the relevance of differences between internal and external pressure has been underlined, the 
same type of staging can be implemented, using now two liquids of different densities: one inside 
the bottle and one outside in a beaker, as in the following example. At the beginning, both free 
surfaces are at the same level. This time, the hole is drilled at about the lower quarter of the height 
of the bottle. 

Materials: more details 

Paraffin oil (clear liquid); density 0,86 g/cm3 (data from literature) 
Water (blue coloured liquid): density 1,0 g/cm3 
Hole diameter cca 4 mm 
Marks on the plastic bottle are 1cm apart 
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bottle with respect to the base 
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Altitude of the hole with 
respect to the base of the 
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Variant 3: coloured water in the plastic bottle, paraffin oil in the beaker: 

 

 

 

 

 

 

 

Figure 5. Water inside, paraffin outside: three steps in the process. 

The outcome of the experiment in three steps is shown in figure 5. When you remove the tape 
some water flows from the bottle into the beaker (see blue water jet on the photo in the middle). 
When the equilibrium is reached (this happens in less than 5 seconds), water level in the bottle is 
about 1cm lower than the paraffin oil level in the beaker (photo on the right). Note that the 
paraffin oil level at the end is slightly higher than at the beginning (red line shows the initial level 
of both liquids). Ratio between the heights of the liquid surfaces (measured from the hole) is 0,88. 
Long black line on the bottle indicates the position of the hole. 

 

Variant 4: Paraffin oil in the plastic bottle, water in the beaker 

The outcome of the experiment in three steps is shown in figure 6. When you remove the tape 
some water flows from the beaker into the bottle (see water jet on the photo in the middle). When 
the equilibrium is reached (this happens in less than 5 seconds), water level in the beaker is about 
1cm lower than the paraffin oil level in the bottle (photo on the right). 

 

 

 

 

 

 

 

Figure 6. Paraffin inside, lightly coloured water outside: three steps in the process. 
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Note that the water level at the end is slightly lower than at the beginning (red line shows the 
initial level of both liquids). Ratio between the heights of the liquid surfaces (measured from the 
hole) is 0,87. Long black line on the bottle indicates the position of the hole. An additional weight 
(soldering  wire) was placed on the bottle neck in order to keep bottle in place (without the 
additional weight the buoyant force would lift the bottle). 

Variants 3 and 4 with graphs 

Concerning variants 3 and 4, the same graph can be used (fig. 7), on which the different slopes of 
the inclined lines are related to the respective densities of the liquids. The difference in pressure at 
the level of the hole, ∆p, entails a flow from the denser liquid into the other. During this flowing 
process, the free surfaces of the two liquids change in opposite sense until there is no difference in 
pressure at the level of the hole. 

 

 

 

 

 

 

 

 

 

 

Figure 7. Variants 3 and 4: a hole in a wall between two liquids of different densities with their free 
surfaces initially at same level.  

 

The discussion of variants 3 and 4 with graphs may also help solve the following question: 

-Why do we have to push on the bottle downwards when it is filled with the less dense liquid? 

-Why is it advisable to drill the hole in a lower position than for variants 1 and 2? 
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4. Generalisation 

From these four variants, a general statement can be formulated: 

Considering a perforated wall between two fluids, the difference in pressure at the level of the 
hole, ∆p, entails a flow from the fluid in which the pressure is larger into the other fluid. The 
direction of the jet, first horizontal, curves upwards or downwards according to its density relative 
to the other fluid. 

 

Classical Variant 1 Variant 2 Variant 3 Variant 4 

Inside (“ins”): water 

Outside (“out”): air 

air 

water 

air 

water 

water 

paraffin 

paraffin 

water 

pins>pout pins<pout pins>pout pins>pout pins<pout 

ρins>ρout ρins<ρout ρins<ρout ρins>ρout ρins<ρout 

Jet from the bottle, 
curves downwards 

Jet in the bottle, 
curves 
downwards 

Jet from the 
bottle, curves 
upwards 

Jet from the 
bottle, curves 
downwards 

Jet in the bottle, 
curves 
downwards 
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