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Example 5.2

An analog signal has a bit rate of 8000 bps and a baud rate of 1000 baud. How many data elements
are carried by each signal element? How many signal elements do we need?

Solution

In this example, S = 1000, N = 8000, and r and L are unknown. We find first the value of r and
then the value of L.

o

1 N 000 :
S=NX 3 ¥ S 1000 its/bau

r=log,L == [=2"=2%=256
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Example 5.3

We have an available bandwidth of 100 kHz which spans from 200 to 300 kHz. What are the car-
rier frequency and the bit rate if we modulated our data by using ASK withd = 17

Solution

The middle of the bandwidth is located at 250 kHz. This means that our carrier frequency can be
at f. = 250 kHz. We can use the formula for bandwidth to find the bit rate (withd=1and r=1).

B=(1+d)xS=2 XNX + =2xN=100kHz == N=50kbps
r
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Example 5.4

In data communications, we normally use full-duplex links with communication in both direc-
tions. We need to divide the bandwidth into two with two carrier frequencies, as shown 1n Fig-
ure 5.5. The figure shows the positions of two carrier frequencies and the bandwidths.The
available bandwidth for each direction is now 50 kHz, which leaves us with a data rate of 25 kbps
in each direction.

B=50kHz

" < -

B =50 kHz

-
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Multilevel ASK

Multilevel ASK

The above discussion uses only two amplitude levels. We can have multilevel ASK in
which there are more than two levels. We can use 4, 8, 16, or more different amplitudes
for the signal and modulate the data using 2, 3, 4, or more bits at a time. In these cases,

r=2,r=3, r=4, and so on. Although this is not implemented with pure ASK, it is
implemented with QAM (as we will see later).
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Example 5.5

We have an available bandwidth of 100 kHz which spans from 200 to 300 kHz. What should be
the carrier frequency and the bit rate if we modulated our data by using FSK withd =17

Solution

This problem is similar to Example 5.3, but we are modulating by using FSK. The midpoint of
the band is at 250 kHz. We choose 2Af to be 50 kHz; this means

B=(1+d)x$§ +2Af =100 == 25=50kHz §=25kbaud N =25 kbps
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Multilevel FSK

Multilevel FSK

Multilevel modulation (MFSK) 1s not uncommon with the FSK method. We can use
more than two frequencies. For example, we can use [our different frequencies f1, f5, f3,
and f, to send 2 bits at a time. To send 3 bits at a time, we can use eight frequencies.
And so on. However, we need to remember that the frequencies need to be 2Af apart.
For the proper operation of the modulator and demodulator, it can be shown that the
minimum value of 2Af needs to be S. We can show that the bandwidth with d =0 is

B={l+d)x§ +{L—1)2Af wm» B=LxS§
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Example 5.6

We need to send data 3 bits at a time at a bit rate of 3 Mbps. The carrier frequency is
10 MHz. Calculate the number of levels (different frequencies), the baud rate, and the

bandwidth.

Solution

We can have L = 2% = 8. The baud rate is S = 3 MHz/3 = 1000 Mbaud. This means that the carrier
frequencies must be 1 MHz apart (2Af = 1 MHz). The bandwidth is B = 8 x 1000 = 8000. Figure 5.8

shows the allocation of frequencies and bandwidth.

Figure 5.8 Bandwidth of MFSK used in Example 5.6

Bandwidth =8 MHz

et Y ﬂ
. th;: = S e o i o
I I | | . |
fl f2 f:? f;l jc fS
6.5 7.5 8.5 95 10 105 11.5 12.5 13.5

MHz MHz MHz MHz MHz MHz MHz MHz MHz
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QPSK

Figure 5.11 QPSK and its implementation
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Example 5.7
Find the bandwidth for a signal transmitting at 12 Mbps for QPSK. The value of d = 0.

Solution

For QPSK, 2 bits is carried by one signal element. This means that r = 2. So the signal rate (baud
rate) is S = N X (1/r) = 6 Mbaud. With a value of d = 0, we have B=§ = 6 MHz.
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P thi chdm sao

Figure 5.12 Concept of a constellation diagram
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Kigure 5.13 Three constellation diagrams

A A A
01 @ T L 3}
i A
¢ — —$ 9 — ‘ ; -
0 1 0 1 \ !
00 Q\ @10
a. ASK (O0OK) b. BPSK ¢. QPSK

a. For ASK, we are using only an in-phase carrier. Therefore, the two points should be on the

X axis. Binary O has an amplitude of 0 V; binary 1 has an amplitude of 1 V (for example).
The points are located at the origin and at 1 unit.

. BPSK also uses only an in-phase carrier. However, we use a polar NRZ signal for modu-
lation. It creates two types of signal elements, one with amplitude 1 and the other with
amplitude —1. This can be stated in other words: BPSK creates two different signal elements,
one with amplitude 1V and in phase and the other with amplitude 1V and 180° out of phase.

>. QPSK uses two carriers, one in-phase and the other quadrature. The point representing 11 is
made of two combined signal elements, both with an amplitude of 1 V. One element is rep-
resented by an in-phase carrier, the other element by a quadrature carrier. The amplitude of
the final signal element sent for this 2-bit data clement is 21/ 2, and the phase is 45°. The
argument is similar for the other three points. All signal elements have an amplitude of 2'/2,
but their phases are different (45°, 135°, —135°, and —45°). Of course, we could have chosen
the amplitude of the carrier to be 1/(2"2) to make the final amplitudes, 1V, oo
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QAM

Quadrature amplitude modulation is a combination of ASK and PSK.

Figure 5.14 Constellation diagrams for some QAMs
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Bandwidth for OAM

The minimum bandwidth required for QAM transmission is the same as that required
for ASK and PSK transmission. QAM has the same advantages as PSK over ASK.
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