
Optical Networks

Self-Study Assignment 1

January 2017

Problem 1 (WDM frequency grid): Consider operating a WDM transmission sys-
tem according to the ITU-T G.694.1 frequency grid, which determines the frequencies
of optical carrier signals (one frequency for each WDM channel). The ITU-T G.694.1 is
defined with 193.1 THz as one valid frequency and with 100 GHz as the channel spacing,
as illustrated below.

193.1 THz

100 GHz ......

Suppose we can utilize the wavelength band from 1520 nm to 1560 nm (in the 1550-nm
region called C band) to operate the above WDM transmission system. Identify the
following.

(a) The smallest frequency and the largest frequency of the WDM channels within the
given waveband.

(b) The smallest wavelength and the largest wavelength of the WDM channels within
the given waveband.

(c) The number of WDM channels supported in this system.

NOTE: You may assume that, as long as the frequency/wavelength of a WDM channel
falls within the wavelength band, the channel can be supported.

Problem 2 : Below is an architecture of an optical add-drop multiplexer (OADM).
Assume that there are 4 wavelength channels in each fiber. The OADM shown consists
of an optical MUX, an optical DMUX, a 6×6 optical switch, and 2 tunable transponders.
Each transponder contains a tunable transmitter and a tunable receiver. Note that this
OADM allows the switching node to drop and add any set of 2 wavelength channels.
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Suppose that, instead of a 6×6 optical switch, you only have available 2×2 optical
switches. Indicate how you can construct an OADM with the same functionality by
drawing a diagram of your OADM architecture.

Problem 3 (Switching node architecture): Consider a transparent optical switching
node architecture shown below. The node has two input links and two output links. Each
link contains one fiber. Each fiber contains two wavelength channels (λ1 and λ2). The
given node architecture allows the node to drop at most one channel for each wavelength,
and add at most one channel for each wavelength.

(a) Indicate the sizes of all optical switches used in the node architecture. Write your
answer in the following format.

4 units of 8× 8 switches, 3 units of 4× 4 switches

(b) Suppose that you only have available 2× 2 optical switches. Indicate how you can
construct a switching node with the same functionality by drawing a diagram of
the switching node architecture. Note that there are multiple correct answers; you
only need to provide one of them.

(c) Indicate the sizes of all optical switches used in the modified node architecture in
part (b).
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Problem 1 (WDM frequency grid):

(a) The wavelengths 1520 nm and 1560 nm correspond to frequencies

3× 108

1520× 10−9
≈ 197.37 THz and

3× 108

1560× 10−9
≈ 192.31 THz.

Given 193.1 THz as a valid channel frequency and the frequency spacing of 100
GHz = 0.1 THz as the channel spacing, the smallest channel frequency in the given
band is 192.4 THz while the largest channel frequency is 197.3 THz.

NOTE: The answers can vary slightly if we substitute a more accurate value of the
speed of light, i.e., c = 2.99792...× 108 m/s.

(b) The smallest channel wavelength and the largest channel wavelength in the given
band are

3× 108

197.3× 1012
≈ 1520.53 nm and

3× 108

192.4× 1012
≈ 1559.25 nm

(c) The number of WDM channels supported is
197.3− 192.4

0.1
+ 1 = 50. ■

Problem 2 : A switching architecture based on 2× 2 optical switches is shown below.
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Note that any two wavelength channels can be dropped/added. ■
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Problem 3 :

(a) 2 units of 3× 3 switches, and 1 unit of 4× 4 switch

(b) One possible node architecture using 2 × 2 optical switches with the same func-
tionality is shown below. Note that there are also other valid answers; see another
example in the last part.

(c) 10 units of 2× 2 switches

NOTE: Another possible solution for part (b) is shown below.
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