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Employability Skills: Applied Academics
Program Information
Lesson: 
· Employability Skills: Applied Academics
Training: 
· Fiber Optic
Time frame: 
· 60 minutes
Instruction Section
Learning Objectives:
· Establish relevance of applied academics in fiber optic work.
· Calculate basic fiber optic parameters, such as total optical loss and wavelength conversions, to apply mathematical skills in practical scenarios.
· Demonstrate the ability to use technical resources effectively in practical situations.
· Interpret technical documents and standards relevant to fiber optic cabling. 
Assessment Tools/Methods:
· Assess understanding through active participation in class discussions and responses to targeted questions during the lesson. 
Learner Prior Knowledge:
· Basic Arithmetic Skills: Understanding and performing addition, subtraction, multiplication, and division. Ability to work with fractions, decimals, and percentages. 
· Basic Geometry Knowledge: Understanding of basic geometric shapes. Ability to calculate the perimeter and area of simple shapes.
· Familiarity with Measuring Tools: Knowledge of how to use a measuring tape or ruler to measure lengths accurately.
· Basic Reading and Comprehension Skills: Ability to read and understand simple technical documents and instructions. Proficiency in reading at a high school level.
· General Technical Awareness: Basic understanding of technical and engineering concepts. Familiarity with common terms used in the fiber optic industry.

Instructional Activities:
1. Begin by asking participants, “How often do you think math or reading is used in fiber optic work?”
2. Briefly discuss how fiber optic technicians frequently use math for tasks like loss budgeting, measuring cable lengths, and calculating attenuation.
3. Explain how reading skills are essential for understanding schematics, installation instructions, and technical specifications
Activity 1: Applied Math in Fiber Optics
1. Review with participants how to solve math problems related to fiber optics using the calculations below.
a. Loss Budget Calculation:  
Total Loss = (Connector Loss×Number of Connectors) + (Splice Loss×Number of Splices) + (Fiber Loss per km×Cable Length in km) 
b. Example problem: A fiber optic link includes: 6 connectors with 0.3 dB loss each; 3 splices with 0.1 dB loss each; and a fiber loss of 0.35 dB/km over 10 km. Calculate the total loss. Solution: Total Loss = (0.3×6) + (0.1×3) + (0.35×10) = 1.8 + 0.3 + 3.5 = 5.6dB
c. Cable Length Calculation: Subtract or add from cable lengths as described.
d. Example problem: If a drum holds 200 meters of cable and you use 45 meters for one installation, how much cable remains? Solution: 200 – 45 = 155 meters remaining. 
2. Handout the Fiber Optic Math Problems Handout. 
3. Allow participants time to solve the problems individually or in pairs. 
4. Discuss answers as a group, emphasizing key steps and clarifying any misunderstandings.. 
Activity 2: Reading Schematics in Fiber Optics 
1. Ask participants to explain the purpose of schematics (visual representations of fiber optic systems). 
2. Explain that participants will be reading a chart found on Fiber Optic Schematic Symbols Handout to answer questions about the various schematic symbols. 
3. Pass out the Schematic Handout to participants.
4. Have participants review the schematics chart prior to answering the questions on the page either individually or with a small group. 
5. Allow participants time to work on the handout. 
6. Facilitate a discussion on the importance of correctly reading and understanding symbols in schematics. 
7. Relate the content back to real-world applications of using schematics in the field.
Activity 3: Applying Academics Wrap-up 
1. Briefly revisit the key concepts of understanding how applied mathematics are needed in fiber optics.
a. Review how to calculate total loss, cable lengths, and the importance of these calculations in fiber optic work
b. Review how understanding the symbols and how they correspond to real-world components like cables, connectors, splices, and splitters.
2. Facilitate a group discussion on how math and reading are connected to the daily tasks of a fiber optic technician. 
3. Ask participants if they have any remaining questions or thoughts on how applied academics will affect their work as a technician. 
4. Open the floor for any final questions from the participants.
Resources:
· Whiteboard and markers
· Fiber Optic Math Problems Handout 
· Fiber Optic Schematic Symbols Handout 
· Fiber Optic Math Problems Instructor Answer Key 
· Fiber Optic Schematic Symbols Instructor Answer Key 
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How do you think the ability to calculate signal loss and understand loss budgets will affect your work as a fiber optic technician? How confident are you in your ability to read and interpret fiber optic schematics? Why is it important to integrate mathematics and schematic reading into fiber optic work?

Note: AI, specifically ChatGPT 3.5, was used to generate scenarios for this contextualized lesson plan.



Fiber Optic Math Problems Handout
Part 1: Loss Budget Calculations
The loss budget is a calculation used to ensure that the signal strength is sufficient across the fiber optic network. This takes into account the fiber length, connector loss, splice loss, and other components of the system.
1. Loss Budget Calculation #1
A fiber optic network uses single-mode fiber with a loss of 0.35 dB/km. The system has 5 connectors (0.2 dB loss per connector) and 2 splices (0.1 dB loss per splice). The total distance of the cable run is 8 km.
Question: What is the total loss for this fiber optic link?




2. Loss Budget Calculation #2
A network link uses multimode fiber with a loss of 0.5 dB/km. The system includes 3 connectors (0.3 dB each) and 1 splice (0.1 dB loss). The total distance of the link is 12 km.
Question: What is the total loss for this fiber optic link?




3. Loss Budget Calculation #3
A fiber optic system uses single-mode fiber (0.4 dB/km loss) for a distance of 15 km. The system has 4 connectors (0.1 dB each) and 3 splices (0.05 dB each).
Question: What is the total loss for this fiber optic link?



Part 2: Cable Length Calculations
In fiber optic installations, the technician must calculate how much fiber is required to reach the desired distance, especially when considering factors such as slack and installation method.
4. Cable Length Calculation #1
A network needs to connect two buildings that are 1000 meters apart. The technician plans to add 10% slack and 50 meters for potential bends.
Question: What is the total length of fiber required for the installation?




5. Cable Length Calculation #2
The fiber optic link is planned for a distance of 2000 meters between two buildings. The technician decides to include 15% slack and add 100 meters for extra bends and joints.
Question: What is the total length of fiber needed?




6. Cable Length Calculation #3
A fiber optic link needs to cover a distance of 500 meters. The technician plans to add 20% slack and an additional 25 meters for potential bends.
Question: What is the total length of fiber required?



[bookmark: _Hlk169601599]Fiber Optic Schematic Symbols Handout
Understanding Common Fiber Optic Schematic Symbols
Fiber optic schematics use standardized symbols to represent components and their functions. Below is a guide to the most common symbols, their meanings, and how to interpret them.
Table of Common Symbols
	Symbol
	Component Name
	Description

	Solid Line
	Fiber Optic Cable
	Represents a single fiber cable. May include labels such as "Singlemode" or "Multimode."

	Dashed Line
	Underground Cable
	Indicates a buried cable.

	Circle
	Connector
	Represents a connector (e.g., SC, LC, ST) at the cable ends or joining points.

	X or Cross
	Splice
	Indicates where two fibers are spliced together (fusion or mechanical).

	Rectangle
	Patch Panel
	Represents a patch panel where multiple cables connect.

	Arrowhead
	Direction of Signal
	Shows the flow of the optical signal within the network.

	Triangle
	Splitter
	Indicates a splitter used for distributing optical signals to multiple outputs.

	Box with Wavy Lines
	Amplifier
	Represents an optical amplifier for boosting signal strength.

	Zigzag Line
	Light Source (Laser)
	Represents the light source, such as a laser or LED, for generating signals.

	Wave Arrow
	Optical Signal Path
	Used to show the signal path in a diagram.




Examples of Usage
1. Single Fiber Connection
· Symbol Example:
Solid line connecting two circles.
· Interpretation:
A single fiber optic cable connects two connectors.
2. Spliced Fiber with Patch Panel
· Symbol Example:
Solid line with an X connecting to a rectangle.
· Interpretation:
A fiber is spliced and then terminated at a patch panel.
3. Fiber Splitter Setup
· Symbol Example:
Solid line splitting into multiple lines at a triangle.
· Interpretation:
A splitter divides the optical signal into multiple paths.
______________________________________________________________________






Fiber Optic Math Problems Instructor Answer Key 
Part 1: Loss Budget Calculations
The loss budget is a calculation used to ensure that the signal strength is sufficient across the fiber optic network. This takes into account the fiber length, connector loss, splice loss, and other components of the system.
1. Loss Budget Calculation #1
A fiber optic network uses single-mode fiber with a loss of 0.35 dB/km. The system has 5 connectors (0.2 dB loss per connector) and 2 splices (0.1 dB loss per splice). The total distance of the cable run is 8 km.
Question: What is the total loss for this fiber optic link?
Answer:  Total Loss = (0.35×8) + (0.2×5) + (0.1×2) = 2.8 + 1.0 + 0.2 = 4.0dB
2. Loss Budget Calculation #2
A network link uses multimode fiber with a loss of 0.5 dB/km. The system includes 3 connectors (0.3 dB each) and 1 splice (0.1 dB loss). The total distance of the link is 12 km.
Question: What is the total loss for this fiber optic link?
Answer: Total Loss = (0.5×12) + (0.3×3) + (0.1×1) = 6.0 + 0.9 + 0.1 = 7.0dB
3. Loss Budget Calculation #3
A fiber optic system uses single-mode fiber (0.4 dB/km loss) for a distance of 15 km. The system has 4 connectors (0.1 dB each) and 3 splices (0.05 dB each).
Question: What is the total loss for this fiber optic link?
Answer: Total Loss = (0.4×15) + (0.1×4) + (0.05×3) = 6.0 + 0.4 + 0.15 = 6.55dB
Part 2: Cable Length Calculations
In fiber optic installations, the technician must calculate how much fiber is required to reach the desired distance, especially when considering factors such as slack and installation method.
4. Cable Length Calculation #1
A network needs to connect two buildings that are 1000 meters apart. The technician plans to add 10% slack and 50 meters for potential bends.
Question: What is the total length of fiber required for the installation?
Answer: Cable Length = 1000 + (1000×0.10) + 50 = 1000 + 100 + 50 = 1150meters
5. Cable Length Calculation #2 
The fiber optic link is planned for a distance of 2000 meters between two buildings. The technician decides to include 15% slack and add 100 meters for extra bends and joints.
Question: What is the total length of fiber needed?
Answer: Cable Length = 2000 + (2000×0.15) + 100 = 2000 + 300 + 100 = 2400meters
6. Cable Length Calculation #3
A fiber optic link needs to cover a distance of 500 meters. The technician plans to add 20% slack and an additional 25 meters for potential bends.
Question: What is the total length of fiber required?
Answer: Cable Length = 500 + (500×0.20) + 25 = 500 + 100 + 25 = 625meters





Fiber Optic Schematic Symbols Instructor Answer Key 
Activity: Match the Symbols
Instructions: Write the component names beside the given symbol or the symbol beside the component name. Include the description of what it indicates.
1.	Solid Line:  Fiber Optic Cable-represents a single fiber cable such as single or multimode.
2.	Circle: Connector-represents an SC, LC, ST at the cable ends or joining points.
3.	X or Cross: Splice-where two fibers are spliced together (fusion or mechanical)
4.	Splitter: Triangle-indicates a splitter used for distributing optical signals
5.	Rectangle: Patch Panel-represents a patch panel where multiple cables connect
6. 	Arrowhead: Direction of Signal-shows the flow of the optical signal within network
7.	Amplifier: Box with Wavy Lines-represents an optical amplifier for boosting signal strength
8. 	Light source: Zigzag Line-represents the light source, such as laser or LED, for generating signals
9. 	Optical Signal Path: Wave Arrow-used to show the signal path in a diagram
10. 	Dashed Line: Underground Cable-indicated buried cable
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