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To do "well" on this investigation you must not only get the right answers but must also do neat,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. You also need to include drawings of all circuits as well as
appropriate graphs and tables.
In the last Investigation we introduced Quaternary Phase Shift Keying (QPSK) uses four sinusoids
of the same amplitude and frequency but different phases as follows
si (t) =
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to transmit two bits of data. In particular we showed how QPSK signals can be expressed in terms
of orthonormal basis functions. In this Investigation we show how orthonormal basis functions
facilitate the generation and detection of QPSK signals.
1. Making use of our results in the last Investigation we see that if x1 (t) and x2 (t) are polar
NRZ_L message signals of amplitude E 2 then we can write
si (t) =
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as follows
sQPSK (t) = x1 (t) 1 (t) + x 2 (t) 2 (t) = x1 (t)
in terms of the basis functions 1 (t) and
sQPSK (t) as a sum of its basis functions
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(t). Draw the block diagram for a circuit to generate

2. Draw a block diagram for a circuit to detect the two bits in a QPSK signal. Hint - obtain the
first bit by multiplying the incoming QPSK signal by 1 (t) and then take advantage of the fact
that 1 (t) and 2 (t) are orthogonal.
3. Make use of the fact that the time average of the autocorrelation of QPSK is given by
RX (t + ,t) =
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to find its power spectral density SQPSK ( f )
4. Suppose we wish to transmit 10 6 bits/sec
a. Find the null-to-null bandwidth for BPSK equal to f2 − f1 as follows
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b. Find the null-to-null bandwidth for QPSK
c. Does BPSK or QPSK have a smaller bandwidth for a given bit rate. By how much
5. The objective of this problem is to calculate the probability of error Pe of QPSK signals as
follows
sQPSK (t) = x1 (t)
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with x1 (t) and x2 (t) equal to polar NRZ_L message signals of amplitude E 2 as above.
Note that each of the terms in this sum is a BPSK signal of amplitude Ac = E T with
probability of error
 A 2T 
P(E1 ) = P(E2 ) = Q  c 
 No 
a. Find P(E1 ) = P(E2 ) as a function of Eb and No . Note that E = 2Eb
b. Now the probability of error Pe is the probability there's an error in the first bit, second
bit or both. So
Pe = P(E1 ∪ E2 ) = P(E1 ) + P(E2 )– P(E1 ∩ E2 )
But since the two bits are independent we have
Pe = P(E1 ∪ E2 ) = P(E1 ) + P(E2 )– P(E1 )P(E2 )
Make use of this result to find Pe as a function of Eb and No
c. Make use of your result in part (b) to justify the fact that a good approximation of Pe is
 2Eb 
Pe ≈ 2Q

 No 
6. Use the results of this Investigation and the Investigation on BPSK to compare the
a. Power spectral densities of QPSK and BPSK
b. Average energies per bit Eb of QPSK and BPSK
c. Bit error rate of QPSK and BPSK
7. What is the advantage of QPSK over BPSK
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