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1.	  Problem	  4.15	  

	  
2.	  Problem	  4.16	  

	  
3.	  Problem	  4.17	  
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10. Both PCM and DM use sampling to convert an analog signal to a digital signal.
PCM finds the value of the signal amplitude for each sample; DM finds the change
between two consecutive samples.

11. In parallel transmission we send data several bits at a time. In serial transmission
we send data one bit at a time. 

12. We mentioned synchronous, asynchronous, and isochronous. In both synchro-
nous and asynchronous transmissions, a bit stream is divided into independent
frames. In synchronous transmission, the bytes inside each frame are synchro-
nized; in asynchronous transmission, the bytes inside each frame are also indepen-
dent. In isochronous transmission, there is no independency at all. All bits in the
whole stream must be synchronized. 

Exercises
13. We use the formula s  c  N  (1/r) for each case. We let c  1/2.

a. r = 1            s  (1/2)  (1 Mbps)  1/1       500 kbaud
b. r = 1/2         s  (1/2)  (1 Mbps)  1/(1/2)  1 Mbaud
c. r = 2            s  (1/2)  (1 Mbps)  1/2       250 Kbaud
d. r = 4/3         s  (1/2)  (1 Mbps)  1/(4/3)  375 Kbaud

14. The number of bits is calculated as (0.2 /100) (1 Mbps) = 2000 bits
15. See Figure 4.1. Bandwidth is proportional to (3/8)N which is within the range in

Table 4.1 (B = 0 to N) for the NRZ-L scheme.   

16. See Figure 4.2. Bandwidth is proportional to (4.25/8)N which is within the range
in Table 4.1 (B = 0 to N) for the NRZ-I scheme. 

17. See Figure 4.3. Bandwidth is proportional to (12.5 / 8) N which is within the range
in Table 4.1 (B = N to B = 2N) for the Manchester scheme. 

18. See Figure 4.4. B is proportional to (12/8) N which is within the range in Table 4.1
(B = N to 2N) for the differential Manchester scheme. 

Figure 4.1 Solution to Exercise 15
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Figure 4.2 Solution to Exercise 16

Figure 4.3 Solution to Exercise 17

Figure 4.4 Solution to Exercise 18

0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 1

0 1 0 1 0 1 0 1

Case a

Case b

Case c

Case d

Average Number of Changes = (0 + 9 + 4 + 4) / 4 = 4.25 for N = 8
B   (4.25 / 8) N 

0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 1

0 1 0 1 0 1 0 1
Case a

Case b

Case c

Case d

Average Number of Changes = (15 + 15+ 8 + 12) / 4 = 12.5  for N = 8
B   (12.5 / 8) N 

0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1

1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 1

Case a

Case b

Case c

Case d

Average Number of Changes = (16 + 8 + 12 + 12) / 4 = 12  for N = 8
B   (12 / 8) N 

3

Figure 4.2 Solution to Exercise 16

Figure 4.3 Solution to Exercise 17

Figure 4.4 Solution to Exercise 18
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4.	  Problem	  	  

	  
	  
5.	  Problem	  4.24	  

a. The output stream is 01010 11110 11110 11110 11110 01001.  
b. The maximum length of consecutive 0s in the input stream is 21.  
c. The maximum length of consecutive 0s in the output stream is 2. 
	  
6.	  Problem	  4.31	  
We can calculate the data rate for each scheme: 

a.NRZ  → N=2 ×B=2 ×1MHz=2Mbps 
b.Manchester → N=1 ×B=1 ×1MHz=1Mbps 
d.2B1Q     → N=4 ×B=4 ×1MHz=4Mbps	  
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19. See Figure 4.5. B is proportional to (5.25 / 16) N which is inside range in Table 4.1
(B = 0 to N/2) for 2B/1Q.

20. See Figure 4.6. B is proportional to (5.25/8) N which is inside the range in Table
4.1 (B = 0 to N/2) for MLT-3.

21. The data stream can be found as
a. NRZ-I: 10011001.
b. Differential Manchester: 11000100.
c. AMI: 01110001.

22. The data rate is 100 Kbps. For each case, we first need to calculate the value f / N.
We then use Figure 4.6 in the text to find P (energy per Hz). All calculations are
approximations.

Figure 4.5 Solution to Exercise 19

Figure 4.6 Solution to Exercise 20
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