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ABSTRACT 

Indonesia with its characteristics of both seasons, namely the rainy 

season and the dry season. During the rainy season, the highway 

often becomes slippery and watery due to rainwater. However, in 

summer we often see the same phenomenon on the highway when 

the hot sun hits. This phenomenon is an optical illusion that is often 

referred to as a mirage. Mirages are puddle-like shadows seen on 

highways caused by light refraction due to differences in the density 

of the medium of different air layers, namely a layer of hotter air 

with a cooler layer of air on top. In this illusory phenomenon, the 

refraction of light forms a refractive angle of 90 or commonly called 

a critical angle, so that the incoming light rays are no longer refracted 

but reflected perfectly.  
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1 Introduction 

Wherever we go, of course we pass through highways or asphalt roads, because asphalt roads are a 

very efficient means of transportation to facilitate everyone's travel. Often when driving on the highway in 

summer, of course we look ahead to the direction of the road. When we notice that the road looks like 

there is a puddle of water on it, or it can somehow get wet, as it gets closer, the effect disappears, this 

phenomenon is an optical phenomenon (Nanda, 2022)(Irawan, Ramadhan, Saktioto, Fitmawati, Hanto, et 

al., 2022). 

An optical phenomenon is a phenomenon that occurs due to the interaction of light and medium with 

an unequal refractive index. This phenomenon causes the eye to see the shadow of an object that does not 

actually exist to become real.  This optical phenomenon is like an illusion that convinces the eye that what 

we see is a real object, even though it is not real at all. That phenomenon is called a mirage. 

Mirages are events that humans see on the surface of the earth, not only in desert places, but also in 

the oceans, at the poles and on the highways (Lovina, 2023)(Irawan, Ramadhan, & Azhar, 2022). The 

formation of the mirage is the result of the bending of light that occurs because it interacts with different 

temperatures and air densities (Anissa, 2020)(Ahmad et al., 2021). The light bend then reveals certain objects 

that are not actually on the scene. Thus, mirages are an illusion due to the refraction of light.  

Under certain conditions, a mirage on the highway is an inferior type of mirage. An inferior mirage is 

an event caused by light being deflected and causing the light to seem to be reversed from its actual 

condition(Irawan, Azhar, & Ramadhan, 2022). This happens because of the refraction of light that interacts 

with different air temperatures and densities (Syaifudin, 2018). Hot asphalt makes the air on top of it hot, 

so there are two layers of hot air at the bottom and cold air at the top (Inaglory, 2022). The incoming rays 

propagate through hot air having a less dense density to cold air which has a very dense density so that the 

incoming rays are deflected or commonly called refraction. 
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How could it be that during the hot day a puddle of water was seen on the highway, even though when 

approached there was not the slightest bit of water. Is this just an illusion? And how can this illusion 

happen? This article presents in its entirety the optical phenomenon of mirages on the road. Which includes 

a discussion of the meaning of optical mirage, types, examples, causes and dangers of the mirage 

phenomenon. 

2 Research Methodology 

The occurrence of this mirage includes theories that include the science of physics. The following are some 

of the causes of the optical phenomenon of mirage: 

2.1 Light Refraction 

Light refraction is the direction in which light propagates coming which is deflected due to propagation 

through 2 mediums of different densities. Refraction is divided into 2 types, namely: 

• The incoming light propagates from a medium that has an untight density to a medium with a 

denser density, then the incoming light will be deflected closer towards the normal line. 

• Light that propagates through a medium with a denser density towards a medium that has a non-

dense density, then the incoming light will be deflected away from the normal line. 

 

 

 

 

 

Figure 1 : Light refraction n1 < n2 

Figure 2 : Light Refraction n1 > n2 
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2.2 Snelius' Law 

Snellius Law is one of the laws that discusses the refraction of light. This snellius law is divided into 

two, namely: 

• The Law of Snellius I. This law states that: 

“𝑠𝑖𝑛𝑎𝑟 𝑑𝑎𝑡𝑎𝑛𝑔, 𝑠𝑖𝑛𝑎𝑟 𝑏𝑖𝑎𝑠 𝑑𝑎𝑛 𝑔𝑎𝑟𝑖𝑠 𝑛𝑜𝑟𝑚𝑎𝑙 𝑡𝑒𝑟𝑙𝑒𝑡𝑎𝑘 𝑑𝑎𝑙𝑎𝑚 𝑠𝑎𝑡𝑢 𝑏𝑖𝑑𝑎𝑛𝑔 𝑑𝑎𝑡𝑎𝑟"  

• The Law of Snellius II. This law states that:  

"𝑝𝑒𝑟𝑏𝑎𝑛𝑑𝑖𝑛𝑔𝑎𝑛 𝑠𝑖𝑛𝑢𝑠 𝑠𝑢𝑑𝑢𝑡 𝑑𝑎𝑡𝑎𝑛𝑔 𝑑𝑎𝑛 𝑠𝑖𝑛𝑢𝑠 𝑠𝑢𝑑𝑢𝑡 𝑏𝑖𝑎𝑠 𝑠𝑒𝑙𝑎𝑙𝑢 𝑘𝑜𝑛𝑠𝑡𝑎𝑛" 

sin 𝑖

𝑠𝑖𝑛 𝑟
=

𝑣1

𝑣2
=

𝑛1

𝑛1
=

𝜆1

𝜆2
 

𝒗 = 𝝀 . 𝒇 

where: 

𝑣 ∶ Fast Propagation (𝑚
𝑠⁄ ) 

𝜆 ∶ Wavelength (𝑚) 

𝑓 ∶ Frequency (𝐻𝑧) 

 

2.3 Bias Index (n) 

The refractive index is the speed at which light travels through the medium. The refractive index of 

each medium is certainly not the same. This refractive index is the difference between the speed of light 

propagating in a vacuum and the speed at which light travels through the medium. We know that the speed 

of light propagating through a vacuum is .3,00 × 108 𝑚
𝑠⁄  

2.4 Perfect Reflection 

Perfect reflection is an event where the incoming light is fully reflected without being refracted in 

the slightest. Perfect reflection can only occur when a critical angle is formed. The critical angle is the angle 

of refraction that forms an angle of 90(𝑐) or the refractive beam is right adjacent to the boundary line of 

the two mediums. 

 

3 Results and Discussion 

3.1 Definition of Mirage 

Mirage is an optical illusion phenomenon that often occurs naturally during hot weather (Pratama, 

Reza Y A. Koesyanto, 2020)(AMERY, 2020). Variables such as the path of light particles, the curvature of 

the earth, and the temperature of the air can produce images that the eye believes to be real. Mirage is a 

false shadow such as puddle of water on a highway or asphalt that occurs due to the deflection of light rays 

(light refraction) (Soetopo, 2010)(Irawan, Ramadhan, Saktioto, Fitmawati, Widiyatmoko, et al., 2022).  

Figure 3 Critical Angle 
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Light will be refracted if the incoming light is deflected when the incoming light propagates on a 

medium with different levels of density. This refraction will cause a change in the rate of light due to the 

difference in the refractive index of the two mediums. The difference in the rate of light between the two 

different mediums results in the refraction of light.  

Light generally travels straight, but due to the presence of layers of air that have different densities, 

the air becomes like a mirror that can deflect light. If the lower layer of air is hotter, then the incoming rays 

will be refracted in a low position such as the ground surface, while if the lower layer is cooler, the incoming 

light rays are deflected/refracted in a different direction with a higher position. 

3.2 Types of Mirages 

3.2.1 Inferior Mirage 

This phenomenon is similar to water standing on the asphalt surface. This is due to the hot asphalt 

which creates a layer of hot air on the asphalt so that it looks like a puddle of water which is in fact an 

inverted condition due to perfect reflection. When the air becomes hot, it will cause the density to be less 

dense than cold air. When the incoming rays propagate through the hot air and through the cool air, the 

incoming rays will be refracted. 

The mirage looks like an object reflected in the water because the light of the object propagating to 

the ground is deflected up to the eye and forms a double shadow. This phenomenon is always visible on 

the asphalt when the weather is sunny and hot, and it always looks like water is standing on the asphalt 

(Greenler, 1986). 

3.2.2 Superior Mirage 

This phenomenon is widely seen at the poles and in the sea, because the air temperature around the 

sea and poles is cooler than the surrounding air temperature, so that the incoming rays that pass through 

the hot air to the cool air form a shadow that occurs right above the original object.  

This mirage is right on top of the original object, it can be in a perpendicular shadow state or an 

inverted shadow state. When the mirage appears higher in the sky than the object. 

3.2.3 Neutral Mirage 

This mirage occurs in a vertical line, so the shadow of the created object is next to the original object. 

The lateral phenomenon occurs when the wall is less tight than the air around it. This statement is in 

accordance with Snellius Law II which states that light rays passing through a dense medium to a sparse 

medium will be deflected away from the normal line (Gosudareva, 2011). 

3.3 Examples of Optical Mirages 

There are many examples of optical mirages. The following are the events of the optical mirage, 

namely: 

3.3.1 Examples on inferior Mirages 

In an inferior mirage, the air temperature above it is lower than the temperature on the ground and 

asphalt road surface. This phenomenon occurs when light comes through a layer of cool air to a layer of 

hot air underneath. The phenomenon is shaped like a puddle of water that appears to be visible on hot 

surfaces. 
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3.3.2 Example on Superior Mirage 

In superior mirages, it occurs because rays come through a layer of hot air to a layer of cooler air 

underneath. The phenomenon is like when a fisherman catches fish in the middle of the sea, then sees a 

boat that looks like it is floating or flying. 

 

3.4 Causes of Optical Mirage 

During the hot afternoon, asphalt roads exposed to sunlight cause asphalt roads to become very hot. 

Because asphalt roads have a very high temperature, the air near the top of the asphalt becomes very hot 

so that the density is not tight, we say a layer of hot air (Pettigrew, 2003). Meanwhile, the air layer above 

the hot air has a cooler temperature than the hot air temperature so that it has a close density, we say the 

cold air layer (Ezokanzo, Tethy. Annisha, 2019). Hot air has a more tense density because if the air 

temperature is hot, the particles in the air will stretch and move away so that the density will 

decrease(Irawan, Ramadhan, Saktioto, & Marwin, 2022). 

Figure 4 : Inferior Mirage 

Figure 5 : Superior Mirage 
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In light refraction, if the light rays come propagating through a low-density medium towards a high-

density medium, they will be deflected away from the normal line (Erniwati, 2018)(Nasution, 2018). In the 

image above, the light beam travels through the cold air to the hot air (Lajnah, 2016), so that the refraction 

of the incoming rays 1 away from the normal line. 

Then ray 2 propagates with a larger angle of incoming rays, making the rays deflected right into the 

boundary plane of the two mediums. The angle is called the critical angle which results in a 90° angle (Idris, 

Tjoet Nia Usmawanda, 2018). After that beam 3 propagates at a larger angle than beam 2, so that the beam 

is only reflected. The more rays 3 the more rays are reflected perfectly (Britannica, 2024). 

3.5 Conditions for the Occurrence of Optical Mirages 

3.5.1 Light Refraction 

The process of the mirage phenomenon cannot be separated from the different refractive indices of 

both hot and cold media (Hairunisa, 2017). The refractive index of cold air is greater than that of hot air. 

This is because when the air is hot, all particles in the air will stretch, causing light refraction that causes 

light to be reflected. 

 

 

Figure 6 : The process of occurrence of mirages 

Figure 7 : Light Refraction 
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3.5.2 Total Bounce (Perfect) 

Perfect reflection occurs when the refracted beam forms a critical angle (the exact 

refractive angle is 90). As explained earlier, light light propagating the interface between second 

media with different densities will be deflected. Under certain conditions, All rays propagating 

an interface can be fully reflected without the slightest distortion, Although the second medium 

is transparent, as shown in the following picture: 

 

This image shows the perfect reflection process taking place. A beam of light emitted from a light 

beam source P to media one (n₁ refractive index). The beam hits the surface interface of the two media 

(refractive index n₂) (n₁ > n₂). For example, media one is water and media two is air. In accordance with 

Snellius' law (Febrielviyanti, F., Harmadi, H., Dahlan, D., & Rilda, 2019)that is: 

sin 𝑟 =  
𝑛₁

𝑛₂
sin 𝑖 

So that when the incoming light propagates through a medium that has a large refractive index 

towards a medium that has a small refractive index, the incoming light rays will be deflected away from the 

normal line. The refractive rays are refracted right at the boundary line of the two mediums so that the 

refractive angle forms an angle of 90 which is called the critical angle.  

 

3.6 Advantages and Disadvantages of the Optical Mirage Phenomenon 

3.6.1 Excess  

The mirage phenomenon is a natural phenomenon. By understanding this phenomenon, we also 

know how great the power of God Almighty is to create it. We can use the mirage phenomenon as a 

medium for self-development (in the context of knowledge). 

3.6.2 Deficiency  

This mirage phenomenon only occurs when the weather is summer, optical mirages are seen when 

the sun is hot interacting with different layers of air, this can make drivers passing by the road unable to see 

the road clearly and potentially accidents. So when this phenomenon occurs, we must be careful when 

driving, because this optical phenomenon is a natural phenomenon, not just an illusion, when we pay 

attention to the road and the closer we get to it, the effect will disappear. 

4 Conclusion 

The mirage phenomenon is an optical illusion due to sunlight being affected by the difference in air 

temperature on asphalt roads. This incident looks like a puddle of water on the road. There are three types 

Figure 8 : Total Bounce (perfect) 
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of mirages, namely inferior, superior, and lateral. The optical phenomenon of mirages on the highway is an 

example of an inferior type of mirage. The refraction of light due to the difference in the refractive index 

of the medium and the total reflection are the conditions for the occurrence of a mirage. The advantage of 

mirage is that we become amazed by the power of God Almighty in creating His creation, so this brings us 

closer to our belief in the Creator. There is also a drawback of mirages is that accidents occur and make 

every driver worried if they drive when the sun is hot. 
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