Ch 2: Basics of Fiber Optics

Ch 2a: Fiber Types 
Q1: What are the three primary advantages of fiber optics over metallic wires or wireless data links?
A1: Fiber can transport more information longer distances in less time. It is also immune to electromagnetic interference, and it can be used for special applications that require transmitting light (such as medical imaging).



Q2: What are the three elements in a fiber optic data link?
A2: Transmitter, cable, and receiver.



Q3: Why are repeaters used?
A3: Long-distance data links need repeaters to regenerate signals that have been attenuated.
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Q4: Name the four sections of a singlemode fiber optic cable shown in the figure. 
A4: See image



Q5: What are the core and cladding diameters of singlemode fiber?
A5: Core is 8-9 microns, cladding is 125 microns



Q6: What are the core and cladding diameters of multimode graded-index fiber?
A6: Core is 50 or 62.5 microns, cladding is 125 microns. There are two rare, larger sizes: 85/125 and 100/140



Q7: What are the core and cladding diameters of multimode step-index fiber?
A7: Core is 200 microns, cladding is 240 microns. This old fiber is not as common as the graded-index 62.5 micron and 50 micron types.



Q8: What is the difference between step-index and graded-index multimode fiber?
A8: Step-index suffers from modal dispersion, which makes its bandwidth low. Graded-index fiber has far less modal dispersion and much higher bandwidth.



Q9: What is attenuation?
A9: Attenuation is signal loss, measured in dB (decibels).



Q10: What is dispersion?
A10: Dispersion is the spreading out of a narrow light pulse as it travels through a cable. Dispersion reduces bandwidth.



Q11: What is bandwidth?
A11: Bandwidth is the number of bits per second that can be sent through a data link.



Q12: What is numerical aperture?
A12: Numerical Aperture measures the largest angle of light that can be accepted into the core



Q13: What units are used to measure optical fiber bandwidth?
A13: The bandwidth-distance product in units of MHz×km is used because the longer a cable gets, the lower its bandwidth.



Q14: What sources and wavelengths are used with multimode fiber?
A14: LED sources at wavelengths of 850 and 1300 nm for slower local area networks, and Lasers at 850 and 1310 nm for networks running at gigabits per second or more



Q15: What sources and wavelengths are used with singlemode fiber?
A15: Singlemode fiber is used with laser sources at 1300 and 1550 nm



Q16: What is the attenuation of graded-index multimode fiber?
A16: 3 dB/km at 850 nm; 1 dB/km at 1300 nm



Q17: What is the attenuation of singlemode fiber?
A17: 0.4 dB/km at 1310 nm; 0.25 dB/km at 1550 nm



Q19: What are the two most common types of fiber optic cable that have already been installed? 
A19: 8/125 micron singlemode and 62.5/125 micron multimode. (The numbers are diameters core/cladding)



Q20: What are the two newer, faster types of multimode fiber? How fast are they?
A20: Laser-rated 50/125 micron fiber carries 500 Mhz-km at both 850 nm and 1310 nm. Laser-optimized 50/125 micron fiber carries 2000 Mhz-km at 850 nm and 500 MHz-km at 1310 nm. 



Q21: How fast is 62.5 micron multimode fiber?
A21: 62.5/125 micron fiber carries 160 Mhz-km at 850 nm and 500 MHz-km at 1310 nm. 



Q22: How fast is singlemode optical fiber?
A22: Very fast! So fast, the electronic testers can't measure it accurately. The speed is approximately 100 THz-km.



Q23: What is a VCSEL?
A23: A Vertical Cavity Surface Emitting Laser (VCSEL) is an inexpensive light source that replaces LEDs, and is used in Gigabit Ethernet.



Q24: Can you mix fiber types in the same network link?
A24: No. You will lose 20 dB connecting singlemode to multimode fiber, and you will lose 3 dB connecting 50 micron to 62.5 micron multimode. Both are unacceptable for most networks.



Ch 2b: Manufacture, Applications, and Performance 
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Q1: What are the three methods used to construct optical fiber?

A1: Modified Chemical Vapor Deposition (MCVD), Outside Vapor Deposition (OVD), and Vapor Axial Deposition (VAD)



Q2: How does Modified Chemical Vapor Deposition (MCVD) work? 
A2: Soot is deposited inside a hollow glass tube to create the 
raveli.
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Q3: How does Outside Vapor Deposition (OVD) work?

A3: A mandrel is coated with a porous 
raveli in a furnace. Then the mandrel is removed and the 
raveli is collapsed in a process called sintering
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Q4: How does Vapor Axial Deposition (VAD) work?

A4: The 
raveli is fabricated continuously. When the 
raveli is long enough, it goes directly to the drawing tower.  See image to the right.


Q5: What is Drawing an optical fiber? 
A5: Drawing is done in a tower. The 
raveli is heated and a long fiber is pulled from it and coated with a protective coating.



Q6: What is the index of refraction of optical fiber glass, and what does that number mean?

A6: The index of refraction of optical fiber glass is about 1.5, and that means light takes 50% longer to travel through it.



Q7: When is it appropriate to use step-index multimode fiber?

A7: Step-index multimode fiber has high attenuation and low bandwidth, so it is appropriate for short, low-speed datalinks. It is also useful in high-radiation environments.



Q8: When is it appropriate to use graded-index multimode fiber?

A8: Graded-index multimode fiber is good for “premises networks” like LANs or security systems.



Q9: When is it appropriate to use singlemode fiber?

A9: Singlemode fiber is best for high speeds and long distances, such as telephone and CATV links.



Q10: What three wavelengths are typically used by glass fiber optics?

A10: 850 nm, 1300 nm, and 1550 nm



Q11: What are the three types of dispersion?

A11: Modal Dispersion, Chromatic Dispersion, and Polarization Mode Dispersion (PMD)



Q12: What is modal dispersion?

A12: Modal Dispersion is the spreading of a pulse because different modes (paths) through the fiber take different times. It only happens in multimode fiber.



Q13: What is chromatic dispersion?

A13: Chromatic dispersion occurs because different wavelengths travel at different speeds through the fiber. It affects both singlemode and multimode fiber.



Q14: What is polarization mode dispersion?

A14: Polarization Mode Dispersion occurs when light with different polarizations travels at different speeds. It can affect both singlemode and multimode fiber.



Q15: What is Equilibrium Modal Distribution?

A15: A long fiber that has lost the high-order modes is said to have an equilibrium modal distribution.
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Q16: What is a Mode Stripper?

A16: A Mode Stripper is a device with an index-matching substance on the outside of the fiber. Its purpose is to remove light 
raveling through the cladding.
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Q17: What is a Mode Scrambler?

A17: Mode scramblers mix light to excite every possible mode of transmission within the fiber. They are used for accurate measurements of attenuation. One way to make a mode scrambler is to bend the fiber through many small curves.
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Q18: What is a Mode Filter?

A18: In a Mode Filter, the fiber is wrapped the fiber around a mandrel. This removes the high-order modes to create an equilibrium modal distribution.


Q19: If a data link has a loss of 3 dB, how much of the power entering it emerges out the other end?

A19: A 3 dB loss means 50% of the power is lost, so 50% emerges.



Q20: If a data link has a loss of 10 dB, how much of the power entering it emerges out the other end?

A20: A 10 dB loss means 90% of the power is lost, so 10% emerges.



Q21: If a data link has a loss of 20 dB, how much of the power entering it emerges out the other end?

A21: A 20 dB loss means 99% of the power is lost, so 1% emerges.



Q22: How much power does a 0 dBm source produce?

A22: A 0 dBm source produces 1 milliwatt of power.



Q23: How much power does a -10 dBm source produce?

A23: A -10 dBm source produces 0.1 milliwatt of power.



Q24: How much power does a 10 dBm source produce?

A24: A 10 dBm source produces 10 milliwatts of power.
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