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Project result  

CLIL Module  

“Transmission of light : how optical fiber cables work“   

Subject: Computer networks (Sistemi e reti) 



Informazioni sul modulo 

Disciplina non linguistica (dnl)  Sistemi e reti 

Lingua straniera (L2) Inglese 

Classe Terza  

Scuola Istituto Tecnico Tecnologico 

Livello medio L2 B1 / B2 

Tempo 8 h 

Lingua L2 80% + L1 20% 

Materiale 

Slide, video on line, strumenti per 

semplici esperimenti (torcia elettrica, 

puntatore laser, bicchiere di vetro, ecc.) 



Unit planning 

Step 1 Activities presentation and brainstorming 1 h 

Step 2 
Introducing basic concepts related to light, lesson with activities (fill the 

gap, quiz, exercises) 
1 h 

Step 3 
Introducing and discussing reflection and refraction, transmittance, total 

internal reflection, lesson with activities (fill the gap, quiz, exercises) 
1 h 

Step 4 
Lab activities: simple experiments related to light properties, activities 

(lab report, observations) 
2 h 

Step 5 
Using light to transmit information, introducing fiber optics, lesson with 

activities (fill the gap, quiz, exercises) 
1 h 

Step 6 Assessment and final review 2 h 



Assessment 

Assessment is based on: 

 

• Knowledge of the main concepts 

• Comprehension of the main concepts 

• Ability in logical elaboration (analysis, synthesis, 

interpretation) 

• Communication 

• Use of a specific lexicon (CALP- Cognitive Academic 

Language Proficiency) 



CONTENUTI 

Conoscenze Applicazione delle conoscenze Range punteggio Punti 

Mostra una conoscenza completa ed approfondita  
E' in grado di utilizzare le nuove conoscenze in modo 

creativo anche in altri contesti  
17 - 20 

Mostra una conoscenza completa ma non 

approfondita  

E' in grado di utilizzare le nuove conoscenze anche in 

altri contesti 
13 – 16 

Mostra una conoscenza di base Stenta ad utilizzare le conoscenze in altri contesti 9 – 12 

Mostra una conoscenza frammentaria e 

superficiale  

Non è in grado di utilizzare le conoscenze in altri 

contesti  
5 – 8 

Non ha acquisito i concetti di base relativi 

all'argomento 

Non è in grado di esprimere i concetti e utilizzarli in 

altri contesti 
0 – 4 

LINGUAGGIO Range punteggio Punti 

Si esprime con scioltezza, ha un ampio vocabolario, anche tecnico, scrive in modo chiaro e corretto 9 – 10 

Usa con discreta padronanza una discreta gamma di strutture linguistiche e vocaboli 6 -8 

Possiede un lessico limitato, commette errori grammaticali, ha difficoltà nell'esprimere i concetti 3 – 5 

Usa un linguaggio molto limitato, ha difficoltà a esprimersi e commette numerosi errori grammaticali.  0 – 2 

P = PUNTEGGIO TOTALE 

(Contenuti + Linguaggio) 

VOTO in decimi =   

1 + (P/ 30) * 9 

GRIGLIA DI VALUTAZIONE 



Objectives covered by this unit 

• Describe what happens when light is reflected, and compare/contrast this with what happens 
when light is transmitted 

• Tell the calculation used to determine the transmittance of a material 

• Know the factors that transmittance depend on 

• Define the term 'refraction' and relate it to an understanding of transmittance 

• Describe the physical structure of an optical fiber cable 

• Compare different transmission modes in optical fiber cables 

• Reading comprehension - ensure that you draw the most important information from the 

related lesson on transmission of light and optical fiber cables 

• Interpreting information - verify that you can read information regarding calculating the 

transmittance of a material and interpret it correctly 

• Distinguishing differences - compare and contrast topics from the lesson, such as refracted 

light and transmitted light or multi-mode and mono-mode cables 

• Knowledge application - use your knowledge to answer questions about the transmission of 

light and the optical fiber cable  

Skills Practiced 



Content 

 
• What is light (electromagnetic radiation, photons, wave)  

• Transmission of light (reflection, refraction, absorption) 

• Transmittance of a material 

• From transmission of light to fiber optics principles  

• Structure of a fiber optic cable: core, cladding, buffer coating 

• Propagation modes: single-mode and multi-mode optical fiber 

• Optical fiber as a transmission medium for computer networks: 

main features  

 



Communication 

 
• Key vocabulary / phrases (light, electromagnetic, radiation, wave, 

photon, speed of light, reflection, refraction, transmittance, incident 

ray, refracted ray, normal, core, cladding, buffer, micron) 

• Language of describing (can be defined as, deals with, is made of, 

etc.) 

• Questioning (how does it work, what is, which of the following 

describes, etc.)  

• Writing a short report about simple experiments 

 

 



Cognition 
 

• Classifying light properties  

• Understanding cause and effect of physical phenomena 

• Visual representation of cause and effect 

• Guessing and then explaining physical phenomena 

related to light transmission 

• Evaluating advantages and disadvantages of optical fiber 

as a transmission medium 

• Comparing optical fiber with other transmission media  

 



• Some historical background: history of research on light  

• Practical implications: fiber optic cables and their 

significance in everyday living 

• The impact of fiber optic transmission in multiservices 

networks in different countries 

 

Culture 



Electromagnetic radiation can be defined as a form of energy that is produced by the movement 

of electrically charged particles traveling through a matter or vacuum or by oscillating magnetic 

and electric disturbance. 

 

Electricity and magnetism were once thought to be separate forces. However, in 1873, Scottish 

physicist James Clerk Maxwell developed a unified theory of electromagnetism. The study of 

electromagnetism deals with how electrically charged particles interact with each other and with 

magnetic fields. 

 

First of all: what is Light ? 

Light is defined as a form of electromagnetic radiation emitted by hot objects 

like lasers, bulbs, and the sun. 



Light technically refers to all forms of electromagnetic radiation. However, do keep in mind that the word light is often 

used colloquially to refer to the electromagnetic radiation we can see with our eyes, that is to say, visible light. Other 

than visible light, all other forms of electromagnetic radiation are invisible to the unaided human eye. 

Visible light is only one form of electromagnetic radiation. There are also 

gamma rays, X-rays, ultraviolet light, infrared, microwaves, and radio waves.  



History of research on light 

• Many researchers through the ages have taken up the challenge of finding out 

―What is Light?‖ 

• Optics is known as the oldest discipline along with mechanics. 

• The progress of the study of light has been made by great scholars from different 

fields 

• It is closely involved with the growth of industry and culture.   



The speed of light (in vacuum), symbolized by a lowercase c, is 300 million meters 

per second (m/s). All forms of electromagnetic radiation travel at this speed.  

Light travels in the form of a wave when it travels. However, no matter is essential to 

carry the energy along to travel. This is the reason why light can travel through space 

where there is no air. This is not the case with sound waves since they have to travel 

through solids, liquids or gas. Light energy is very quick and travels faster than anything.  

The amount of energy a photon carries is directly proportional to its 

frequency and inversely proportional to its wavelength.  

This means that high frequency, short wavelength electromagnetic radiation, 

like gamma ray photons, carry more energy than the longer wavelength, lower 

frequency photons of visible light. 

Light contains photons which are minute packets of energy. When an 

object‘s atoms get heated up, it results in the production of photons 

and this is how photons are produced. The electrons find excitement 

from the heat and results in earning extra energy. The energy is 

released in the form of a photon (quantum of light) and more photons 

come out as the substance gets hotter. 

Light: wave or particles? 

Sunlight takes about 8 minutes 17 seconds to travel the average distance from the surface of 

the Sun to the Earth. 

in-depth information box 



• Light is a form of _____________ radiation. 

• The study of  ___________________ deals with how electrically 

charged particles interact with each other and with 

______________  fields. 

• It travels at the ______________ of 300 ___________ meters per 

second  

• Light travels in the form of a ____________., but it is also made 

of particles called ____________ , which are packets of 

_________________.  

 

photons - energy - electromagnetism - wave - electomagnetic - 

magnetic - million - thousand - billion 

Fill the gaps 

Choose the correct terms from the following 



The history of light : waves and photons 

Video 

https://www.youtube.com/watch?v=OLCqaWaV6jA 

https://www.youtube.com/watch?v=OLCqaWaV6jA
https://www.youtube.com/watch?v=OLCqaWaV6jA


Transmission of light: definition and overview 

Visible light is the reason we are able to 

see anything at all. Light moves as a 

wave, bouncing off objects so we can 

see them.  

 

Without it, we'd be in complete 

darkness.  

When you shine light on an object, a number of things can happen 

• Reflection is when light bounces off of a surface.  

• Specular reflection is when light reflects off of a shiny surface like a mirror.  

• Diffuse reflection, however, is when light illuminates a dull object. 



Another thing light can do is move through the material, 

and depending on exactly how it does this, we might call it 

transmission, refraction, or absorption.  



When light moves through a transparent (or semi-transparent) material, it can be 

transmitted, absorbed, or reflected.  

The transmittance of a material is the proportion of the incident light that moves 

all the way through to the other side. 

The transmittance of a material depends on its thickness, but it also depends on the type 

of light (or electromagnetic waves) you are using. A material might have a different 

transmittance for visible light than it does for infrared, or X-rays. This is why hospital X-

rays go through your skin until they reach the bones, even though visible light does not. 

TRANSMITTANCE OF A MATERIAL 

Transmittance = 20% 



 Transmitted Vs. Refracted 

If your flashlight in the previous example 

was shined at 90 degrees to the surface, 

the light that is travelling through the 

material is always called transmitted light.  

But, if you shine it at an angle, 

there's another term people 

might use: refracted light.   



Refracted light is light that bends as it moves through a surface.  

When a ray of light approaches a new medium at an angle, it will bend.  

The direction it bends depends on whether the new medium is denser or 
less dense than the first one.  

In the case of moving from air to glass, it is moving from less dense 
material to a more dense material. This causes it to bend towards the 
normal; the normal is an imaginary line at 90 degrees to the surface and 
can be seen as the dotted line in the following diagram. 

A simple experiment that 

shows the effect of refraction..  



transmittance - reflection - diffuse reflection - specular reflection - 

incident - refraction  

Fill the gaps 

Choose the correct terms from the following 

• When light bounces off of a surface the phenomenon is called ____________.  

• When light illuminates a dull object we have a _______________ . 

• When it reflects off of a shiny surface we have _______________ . 

• The ______________ of a material is the proportion of the ____________  

light that moves all the way through to the other side. 

• The change in direction of a beam of light passing from one medium to 

another is called ____________. 



Let's review!  

• Transmission of light is the moving of electromagnetic 

waves (whether visible light, radio waves, ultraviolet, etc.) 

through a material.  

• This transmission can be reduced, or stopped, when light 

is reflected off the surface or absorbed by the molecules 

in the material.  

• If you shine a light at 90 degrees to the surface of a 

medium, the term transmission is always used.  

• But, when you shine a light at another angle, the beam of 

light is refracted, or bent.  



1 

The broken pencil 

Fill the glass halfway with water. Put the pencil in it. If you place the 

pencil at just the right angle, and view the glass from just the right 

angle, the pencil will appear “broken”: Why? 

2 

Light towards a window:  transmission or reflection? 

Aim a torch light perpendicularly (angle of incidence = 0) towards a 

glass, for example towards a window. What happens?  

Now aim the light with a growing angle of incidence. What happens 

now? Why? 

3 

Why can't you see a reflected image on a piece of paper?  

Say you put a pen in front of the paper. Even when light rays are 

coming from other sources, hitting the pen, reflecting back, and 

hitting the paper, there is no reflection. 

What's wrong with the following "ray diagram" and why such events 

don't happen and the image of the pen does not form on the paper?  

4 

Light through a water stream: a simple “optical cable” 

Trap and guide light by an unbroken stream of water flowing from a 

glass reservoir. 

Aim a torch light or laser beam at the back of a stopper, through the 

opposite side of the glass reservoir. 

Remove the stopper so that the light is guided by the stream of water 

and causes a brilliant spot on a sloping white screen in a fish tank. 

Lab activities: a few simple experiments 



Let‘s take a quiz 

Click here  

to take the quiz on line 

 

In these assessment you'll be tested on: 

 

• Calculating the trasmittance of a material 

• Descriptions of reflected light and 

transmitted light 

• Differentiating between transmitted light 

and refracted light 

• Factors transmittance depends on 

 

https://www.flexiquiz.com/SC/N/25e200a5-0392-4576-b5c0-dd781563578d
https://www.flexiquiz.com/SC/N/25e200a5-0392-4576-b5c0-dd781563578d


A fiber-optic cable is made of glass or plastic and transmits signals in the form of light. 

Fiber Optics 

Light travels in a straight line as long as it is moving through a single uniform substance. If a ray of 

light travelling through one substance suddenly enters another substance (of a different density), the 

ray changes direction. 

If the angle of incidence is less than the 

critical angle, the ray refracts and moves 

closer to the surface. 

If the angle of incidence is equal to 

the critical angle, the ray refracts 

and moves parallel to the surface. 

If the angle of incidence is greater than 

the critical angle, the ray reflects (and 

travels again in the denser substance. 

The critical angle is a property of the substance, and its value differs from one 

substance to another.  

How does a ray of light change direction when going from a more 

dense to a less dense substance? 

Fiber optics, or optical fiber, refers to the medium and the technology associated with the 

transmission of information as light pulses along a glass or plastic strand or fiber.   



Optical fiber is an extremely thin glass wire that has an external 

diameter of 125 micron (1micron = 1 millimeter divided into 1000 parts) 

To understand how optical fiber is made, imagine two thin glass 

‗tubes‘; one inserted inside the other: 

 

1. The smallest ‗tube‘ is the core of the fiber, made of highly 

pure silica glass, through which light passes and is 

effectively transmitted. 
  

2. The slightly biggest ‗tube‘ is a coating of less pure glass and 

is used to enclose and contain the light traveling through the 

core, allowing it to follow curved lines. This coating is known 

as the ―cladding‖. 

 

Optical fiber can be used to transmit information coded by beams of light 

Consider that a single strand of human hair is typically about 100 microns  



The simplest type of optical fiber is called single-mode. It has a very 

thin core about 5-10 microns (millionths of a meter) in diameter. In a 

single-mode fiber, all signals travel straight down the middle without 

bouncing off the edges (yellow line in diagram). The light source 

used for single-mode fiber is typically a laser.  

Another type of fiber-optic cable is called multi-mode. Each optical 

fiber in a multi-mode cable is about 10 times bigger than one in a 

single-mode cable. This means light beams can travel through the core 

by following a variety of different paths.Multimode fiber optics typically 

use an LED to create the light pulse. 

Cable TV, Internet, and telephone signals are generally carried by single-mode fibers, wrapped 

together into a huge bundle. Cables like this can send information over 100 km.  

Multi-mode cables can send information only over relatively short distances (up to 2 km) and are 

used (among other things) to link computer networks together.  

Optical fiber: propagation modes 

Single-mode fiber has a considerably higher bandwidth than multimode fiber, but is 

usually more expensive because it requires precise calculations to produce the laser 

light in a smaller opening.  



The optical fiber (core and cladding) are enclosed in a plastic 

material, 200 – 250 micron in diameter.The purpose of this 

covering, known as ―buffer coating‖, is to protect the optical fiber. 

The optical fiber is replacing traditional copper telephone wires and now forms the 

infrastructure through which 80% of internet information, television pictures and telephone 

conversations travel throughout the world.This information travels at a speed slightly slower 

than the speed of light in vacuum (about 200.000 km/s). 

Fiber specifications list the core and cladding diameters as a ratio. Multimode fiber is commonly 62.5/125 or 50/125 

micron. Single mode fiber is commonly 9/125 micron. 



Light travels down a fiber-optic cable by bouncing repeatedly off the walls.  

Each tiny photon (particle of light) bounces down the pipe like a bobsleigh 

going down an ice run.  

If light hits glass at a really shallow angle (less than 42 degrees), it reflects 

back in again—as though the glass were really a mirror. This phenomenon 

is called total internal reflection. 

How fiber-optics works 



refractive index, light, expensive, cladding, bandwidth, core  

Fill the gaps 

Choose the correct terms from the following 

• A fiber-optic cable transmits signals in th form of ______________. 

• The glass fiber ________  is surrounded by another glass layer called 

________.  

• They have a different __________________ that bends incoming light at a 

certain angle.  

• Single-mode fiber has a considerably higher ____________  than 

multimode fiber, but it is also more ______________ . 



Advantages of fiber Optic Cables 

fiber optic has several advantages over metallic cable: 

• Higher bandwidth 

• Less signal attenuation 

• Immunity to electromagnetic interference 

• Resistance to corrosive materials 

• Light weight 

• Greater immunity to tapping 

Optic Cables vs. Electric Cables 

Disadvantages of fiber Optic Cables 

There are some disadvantages in the use of optical fiber: 

• Installation and maintenance 

• Unidirectional light propagation 

• High Cost 



Let‘s review 

• Optical fibers use reflection to guide light through a channel. A glass or plastic core is surrounded by a 

cladding of less dense glass or plastic. The difference in density of the two materials must be such that a 

beam of light moving through the core is reflected off the cladding instead of being refracted into it.  

• Fiber optic cables have two propagation modes: multi-mode and single-mode.  

• Multi-mode fiber is optical fiber that is designed to carry multiple light rays or modes concurrently, 

each at a slightly different reflection angle within the optical fiber core.  

• Compared to multimode, singlemode gives a higher transmission and up to fifty times more distance. 

• Single-mode cables are largely used in WANs (Wide Area Networks) and MANs (Metropolitan Area 

Networks) 

• Multi-mode cables can be used in LANs (Local Area Networks) 


