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Abstract: The concepts of floating, flying, and sinking object have been studied since junior 
high school. However, we still often find students' misconceptions regarding the concept, 
especially of flying objects, even at the university level. This work aims to propose a 
clarification of the concept of a flying object in the fluid to be correctly described the 
condition for the flying object. We used eggs, water, and salt solutions to demonstrate 
sinking, rising, and floating objects in the fluids. The results showed that when the density 
of the object is the same as the density of the fluid, the position of the object is still at the 
bottom of the fluid since it was not flying in the middle of the depth of the fluid. But the 
object does not touch the bottom of the container so that the object's height is zero. This is 
because the object has not had a driving force (Fd = 0) that pushes the object upward 
towards the surface of the fluid to float. When the density of the fluid slightly exceeds the 
density of the object, the object immediately moves upward to the fluid surface - floating 
phenomenon is started. The greater the difference between the density of the fluid and the 
density of the object, the faster the object moves towards the surface. The object cannot 
stay at any position between the bottom and the surface of the fluid. A stable position is 
reached when the object reaches the surface of the fluid to float. This work is expected to 
increase students' understanding of flying objects in fluids. 
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Introduction 

Static fluid is one of the topics in fundamental physics. This topic has been studied even in junior 
high school. The concepts of density, Buoyancy force, sinking, floating, and flying are discussed 
(Abdullah, 2016; González-Espada & Jones, 2020; Halliday, Resnick, & Walker, 2010; Loverude, Kautz, 
& Heron, 2003; Noxaïc & Fadel, 2022; Olascoaga et al., 2020; Puspita, Sutopo, & Yuliati, 2019; Susanti, 
2021). We can easily see the phenomena of sinking or floating objects in our daily life. Nevertheless, 
we often found a misunderstanding of physics concept even among physics students regarding this 
phenomenon, especially in the case of flying objects in fluids (Hewitt, 2020; Kim & Paik, 2021; Nikolić, 
2022). This misunderstanding usually arises from either the teacher's mistaken illustrations in 
explanation or inaccuracy of the illustrations in the student reference books (Astuti, 2017; Aulia, Diana, 
& Yuberti, 2018; Ceuppens, Deprez, Dehaene, & De Cock, 2018; Efwida, S & Sopandi, 2016; Febrianti, 
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Akhsan, & Muslim, 2019; Fongsamut, Tanasittikosol, & Phaksunchai, 2023; Gumilar, 2016; Jannah, 
Yuliati, & Parno., 2016; Krishnan, Puthenveettil, & Hopfinger, 2020; Marcom, Villar, & Kleinke, 2022; 
Neidorf, Arora, Erberber, Tsokodayi, & Mai, 2020; Onder-Celikkanli & Tan, 2022; Wilson, 2021). 

Many physics students already understand that an object will float if its density is smaller than 
that of the fluid (ρo < ρf). In this condition, the object is illustrated as laying on the surface of the fluid. 
The amount of the part of the object that appears above the surface of the fluid depends on the 
difference in the density of the object and that of the fluid. The object will sink as long as the density 
of the object is greater than that of the fluid (ρo > ρf). In this situation, the object is illustrated to be 
resting at the bottom of the container. The object is flying in the fluid if the object's density is equal to 
that of the fluid (ρo = ρf). In this condition, the object is illustrated to have a certain fixed depth staying 
in a stable position in the middle of the fluid’s depth.  

Apparently, these understandings are not entirely correct. We have found when the object 
density is equal to that of the fluid, the object will not be flying yet. The position of the object is still at 
the bottom of the fluid, not flying in the middle of the depth of the fluid. However, when the object 
does not touch the bottom of the container, its height is zero. Then, if the fluid’s density is slightly 
increased (ρf >ρo) the object will suddenly fly upward to the fluid surface. After reaching the surface, 
the the floating phenomenon starts, and the flying-object phenomenon stops. The amount of the 
object immersed in the fluid and the amount that appears on the surface depends on the difference in 
density between the object and the fluid. The object's velocity in flying to the fluid surface increases 
by the increase of the fluid density.  

Demonstration of sinking, flying, and floating needs to be conducted to help students 
understand these phenomena. Students need to be allowed to prove themselves directly the suitability 
of the theories they have obtained in class with experimental facts (Efwida, S & Sopandi, 2016; Koster 
& de Regt, 2020; Lestari, Hariyono, Dwikoranto, Prahani, & Deta, 2022; Wilujeng & Hidayatullah, 2021). 
It has been demonstrated that an egg placed in a salt solution then left to stand for several days will 
change the state even without increasing the fluid's density. The egg that initially sank a few days later 
was floating. However, there is no measurement of changes in egg and salt solution density during the 
experimental process. As a result, the phenomenon of sinking to floating could be observed. Still, it had 
not been able to prove the fulfillment of sinking, flying, and floating conditions that theoretically had 
been accepted by students in the class (Featonby, 2019).  

In this paper, we presented a clarification of the concept of flying objects in fluids through a 
simple experiment. We demonstrate the phenomenon of sinking, flying, rising, and floating in a fluid 
accompanied by measuring fluid density changes during the experiment. Unlike the experiment 
reported by Featonby (2019), here we reported an egg's behavior when it is inserted in the water, then 
the water density is gradually increased. We measured the egg's density and the change in fluid density. 
Therefore, we can observe and prove the whole phenomena regarding an object inserted into the fluids. 
Based on the results, the condition of flying objects in fluids can be correctly described. 

Method 

The method used in this study is experimental. The research was conducted at the engineering 
physics laboratory, Telkom University. We used eggs, water, and salt solutions to demonstrate sinking, 
rising, and floating objects in the fluids. We used three eggs with different densities. We measured the 
water, egg, and saltwater's mass and volume separately to determine their density (ρ). Measurement 
of mass (m) was carried out by using a balance, while the volume (V) of water and egg by using a beaker 
glass. The density of water and egg are calculated using the equation, ρ V = m. We obtained the density 
of the water (ρf) being 1000 kg/m3, and the density of the eggs (ρo) being 1058.059 kg/m3, 1069.912 
kg/m3, 1089.887 kg/m3, respectively. After we had obtained the density of the eggs and water that we 
used, we put one of the eggs in the water and measured its position from the water's surface (depth) 
by using ruler.  The water is in a measurable transparent container. In this condition, the egg sank to 
the bottom of the container. We added the salt powder to the container and then stirred it to make a 
homogenous salt solution. The concentration of the solution was measured by using a Salinometer. We 
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continually increased the salt solution's concentration so that the rising and floating phenomena could 
be observed. The concentration of the solution was then converted to the density of the solution. The 
capture of the changes of an egg’s position due to concentration variation of the salt solution is shown 
in Figure 1, while the measurement results are presented in Table 1. 

 
Figure 1. The changes in an egg's position due to the concentration variation of the salt solution. The egg was 

sinking when ρf < ρo (a), but when the fluid density was slightly increased so that ρf > ρo, the egg suddenly 
flew upward to the fluid surface (from b to g) 

Table 1. The measurement results of fluid density around the transition state 

Experiment  ρo (kg/m3) ρf  (kg/m3) ρf- ρo (kg/m3) Egg's condition 

1 1069.912 

1069.439 -0.472 sinking 
1069.669 -0.243 sinking 
1069.784 -0.128 sinking 
1069.899 -0.013 sinking 
1070.014 0.102 rising 
1070.244 0.332 rising 
1070.474 0.562 rising 
1070.589 0.677 rising 

2 1058.059 

1055.646 -2.413 sinking 
1056.221 -1.839 sinking 
1056.221 -1.839 sinking 
1057.600 -0.459 sinking 
1058.290 0.230 rising 
1058.634 0.575 rising 
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Experiment  ρo (kg/m3) ρf  (kg/m3) ρf- ρo (kg/m3) Egg's condition 
1058.749 0.690 rising 
1058.864 0.805 rising 

3 1089.888 

1082.772 -7.115 sinking 
1084.497 -5.391 sinking 
1085.761 -4.127 sinking 
1088.864 -1.023 sinking 
1091.968 2.080 rising 
1096.106 6.218 rising 
1097.830 7.942 rising 
1099.554 9.666 rising 

Results and Discussion 

Figure 1 shows the changes in an egg's position due to the salt solution's concentration variation.  
We can see that an egg that is initially sinking then floating when the fluid density is increased. We 
measured the density of the fluid every time salt is added, and then we observe whether there is a 
change in the position of the eggs in the fluid. We can see that this simple work can demonstrate the 
phenomenon of sinking to floating clearly. The rising phenomena as the transition phase from sinking 
to floating can also be observed. 

From Table 1. The measurement results of fluid density around the transition state, we can see 
evidence that if the object's density is greater than that of the fluid, the object will sink. However, when 
the fluid density is slightly higher than that of the object, the egg will immediately rise to the fluid's 
surface. In the first experiment (we used an egg with a density of 1069,912 kg/m3), the eggs continued 
to sink even though the fluid density was only 0.013 kg/m3, which was less than the density of the eggs. 
However, when the fluid density is increased so that it becomes 0.102 kg/m3 more significant than the 
eggs' density, the eggs will rise to the fluid's surface. Similar results were shown in the second and third 
experiments when we used eggs with densities of 1058.059 kg/m3 and 1089.887 kg/m3, respectively. 
A sinking egg suddenly rose when the fluid density exceeded the egg, even though the differences are 
tiny. This experiment confirms the validity of the theory of sinking, flying, and floating objects that 
students have obtained in class. 
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Figure 2. The stable positions of an egg in a salt solution with different concentrations; h is the height of the 

egg, which is measured from the bottom of the container to the bottom part of the egg when it is floating on 
the fluid surface. Three variations of egg density are used. (a) ρo = 1069.912 kg/m3, (b) ρo = 1058.059 kg/m3, 

and (c) ρo = 1089.887 kg/m3 

Figure 2 shows plot of the entire measurement results of fluid density and the egg position. We 
plot the stable positions of the egg in the fluid due to the addition of salt concentration (from sinking 
to floating). Figure 2a shows that an egg (ρo = 1069.91 kg/m3) immersed in water (ρo = 1000 kg/m3) will 
sink to the bottom of the container, so the height of the egg is zero (h = 0 cm). When the concentration 
of the solution was gradually increased so that the fluid's density reached an equal value to the egg's 
density (1069.91 kg/m3), the egg did not start to fly yet, but it did not touch the container bottom 
anymore. The height of the egg from the bottom of the container was zero. Then, the egg suddenly 
rises to the fluid's surface when the fluid density was slightly increased (ρf > ρo). After reaching the 
fluid's surface, the egg's upward motion stopped, and it floated there. When the fluid density was 
further increased (ρf >> ρo), the egg's movement velocity also increased, and the part of the egg that 
appeared on the surface of the fluid also increased. Similar trends were also observed when we used 
an egg with a different density, as shown in Figure 2b and Figure 2c. Figure 2b showed the experimental 
data plot when we used an egg with a density of 1058.059 kg/m3, while Figure 2c for an egg with a 
density of 1089.887 kg/m3. Based on these experimental results, the sinking, flying, and floating 
objects' requirements could be easily described using 1st Newton's Law as follows (Abdullah, 2016; 
Halliday et al., 2006;  Hewitt, 2020). We used Fbmax for the maximum Buoyancy force-it happen when 
the full body of object submerged in the fluid, Fb for the Buoyancy force (Fb < Fbmax), Wo for the object's 

(a)  (b)  

(c)  
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weight, N for a normal force, and Fd for the driving forces. The illustration of sinking, flying, and floating 
objects in fluids is presented in Figure 3.  

Based on Figure 3, we can see that the egg is sinking when ρf < ρo; in this situation, the egg is 
resting on the container’s bottom surface (Fbmax < Wo). The egg is flying when ρf = ρo; in this work, the 
egg does not touch the container’s bottom surface, but it is not yet rising to the surface of the fluid 
(Fbmax = Wo). Therefore, the egg's height is zero. The egg will be increasing when ρf is slightly higher 
than ρo; in this condition, the egg will suddenly move upward from the bottom of the container at t = 
ti to the final position at the fluid's surface t = tf for floating. A floating object is clearly observed when 
the fluid density is significantly higher than that of the object (ρf >> ρo) - the part of the egg that 
emerges on the surface of the fluid will increase by increasing fluid density. Then the phenomena of 
sinking, float and float can be mathematically expressed as follows: 
1. For a sinking object, the object rests on the surface of the container bottom, therefore 

∑𝐹 = 0           (1) 

𝐹𝑏𝑚𝑎𝑥 + 𝑁 −𝑊𝑜 = 0         (2) 

𝐹𝑏𝑚𝑎𝑥 = 𝑊𝑜 − 𝑁           (3) 

The consequence of Eq. 3 is Fbmax < Wo, and then we can write the following expression 
         𝜌𝑓𝑔𝑉𝑜 < 𝜌𝑜𝑉𝑜𝑔          (4) 

𝜌𝑓 < 𝜌𝑜           (5) 

Based on Eq. 5, we confirmed that the object would sink if its density is higher than that of the 
fluid (ρo > ρf). 
2. Based on Eq. 2, if the object does not touch the surface of the container bottom, but it still rests at 

bottom (object's height is zero) so that N = 0, then Eq. 2 can be written    
𝐹𝑏𝑚𝑎𝑥 −𝑊𝑜 = 0          (6) 
𝐹𝑏𝑚𝑎𝑥 = 𝑊𝑜          (7) 
𝜌𝑓𝑔𝑉𝑜 = 𝜌𝑜𝑉𝑜𝑔          (8) 

𝜌𝑓 = 𝜌𝑜           (9) 

Based on Eq. 9, the flying object occurs when ρo = ρf; in this experiment, we showed an egg's 
position remains at the bottom of the container. The egg did not rise due to the absence of driving 
force (𝐹𝑏𝑚𝑎𝑥 −𝑊𝑜 = 0). 
3. For a rising object (ρf is slightly higher than ρo), we showed that the egg suddenly moves upward 

from the bottom of the container at t = ti to the final position at the surface of the fluid at t = tf due 
to the emergence of a driving force (𝐹𝑏𝑚𝑎𝑥 −𝑊𝑜 > 0), which pushes the object upward to the fluid 
surface for it to be floating. Therefore, we can state that the flying phenomenon is a transition from 
sinking to floating. 
𝐹𝑏𝑚𝑎𝑥 > 𝑊𝑜          (10) 
𝐹𝑏𝑚𝑎𝑥 = 𝑊𝑜 + 𝐹𝑑         (11) 
𝐹𝑑 = 𝐹𝑏𝑚𝑎𝑥 − 𝑊𝑜         (12) 
𝐹𝑑 = 𝑉𝑔(𝜌𝑓 − 𝜌𝑜)         (13) 

Based on equation 13, the driving force will appear if ρf - ρo > 0. So that when the density of the 
fluid is slightly greater than that of the egg, the egg will rise to the surface for floating when it is placed 
on the base of the fluid. Hence, the requirement for the floating object is expressed by ρf>ρo. 
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Figure 3. The illustration of sinking, flying, rising, and floating objects in a fluid 

4. After the egg reaches the fluid's surface and settles there, the first Newton's law can be applied. In 
this condition, all parts of the egg are no longer immersed in the fluid so that the eggs get an upward 
force that is less than the maximum Buoyancy force (when all parts of the egg are immersed in the 
fluid). The object is resting on the surface of the fluid, while the amount of the part of the object 
that appears above the surface of the fluid depends on the difference in the density of the object 
and that of the fluid. In this condition, therefore 
∑𝐹 = 0           (14) 
𝐹𝑏 −𝑊𝑜 = 0          (15) 
𝐹𝑏 = 𝑊𝑜            (16) 
𝐹𝑏 < 𝐹𝑏𝑚𝑎𝑥           (17) 

Surface of salt solution
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Figure 4. The stable positions of an egg in a salt solution with different concentrations. Three variations of 

egg density is used. (a) ρo = 1069.912 kg/m3, (b) ρo = 1058.059 kg/m3, and (c) ρo = 1089.887 kg/m3 

Based on Eq. 13, we can see that if the value of ρf - ρo = 0, then Fd = 0. Therefore, no force will 
drive the object to move to the fluid surface. The linear relationship between the fluid density and the 
driving force is plotted in Figure 4. Based on Figure 4, we see the driving force (Fd) needed for the object 
to rise from the bottom to the surface of the fluid. This force will exist if the density of the fluid is 
greater than that of the object. The object will rise if the value of Fd is greater than zero. This condition 
can be fulfilled if the fluid density is greater than the density of the object. Again, we can see that if the 
object's density is the same as the density of the fluid, the object will still be in a resting condition. 
Therefore, the phenomenon of a flying object (the object position in the middle of the fluid’s depth) 
has not yet occurred. The flying object will occur if Fd > 0. 

From this work, we can see that the sinking, flying, rising, and floating object phenomena occur 
due to the interaction between the object's weight and the Buoyancy force on the object. This work 
confirmed that if the maximum Buoyancy force is smaller than the object's weight (Fbmax < Wo), the 
object will sink, as shown in Figure 4 for ρf < ρo. If the maximum Buoyancy force is equal to the object's 
weight (Fbmax = Wo), it is flying. It will not be rising yet (Figure 4 for ρf = ρo), so the object's height is still 
zero. However, if the fluid density is slightly increased, the object will suddenly rise to the surface of 
the fluid (Figure 4 for ρf > ρo). The object experiences acceleration due to the presence of a maximum 
Buoyancy force that is greater than the object's weight (Hewitt, 2020; McKee & Czarnecki, 2019). 
Therefore, we considered that Fbmax = Wo was the threshold for a rising object to occur. In the 
phenomenon of a rising object in a fluid, the maximum Buoyance force must be greater than the 
object's weight. The maximum Buoyancy force will be the driving force to release the object from a 

(c)  

(a)  (b)  
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resting state, and the leftover will drive the object to move upward to the fluid surface for it to be 
floating.  This work may help students clearly understand the phenomena of sinking, flying, rising, and 
floating objects in the fluid. 

Conclusion 

We have shown that when the density of the object was equal to the density of the fluid, the 
flying phenomenon would not occur yet. In this work, the flying object started when the density of the 
fluid was slightly higher than that of the object. We obtained that ρo = ρf was the threshold for when 
the object would exactly start to rise. When the fluid's density slightly exceeded that of the object, the 
object immediately flew to the fluid surface. Besides, we found that there was no stable position of the 
object in the fluid during its flight from the bottom to the surface of the fluid. The object could not rest 
in any position between the bottom and the surface of the fluid even though ρf is slightly higher than 
ρo. The stable position was achieved when the object reached the surface of the fluid for it to be floating. 
This work is expected to broaden students' understanding of the concept of flying objects in fluids. 
When the density of the object is the same as the density of the fluid, the position of the object does 
not have to be in the middle of the fluid. 
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