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COE 342 – Data Communications (Sec. 1)





Fall 001

Solution of Exam II

Exam is closed book and notes

Date

: Tuesday 21 November, 2000.

Time

: 8:00 pm - 8:30 pm.

Location
: Rooms 24/120-121
Name

:
Dr. Habib Youssef

ID Number
:


	Question
	Grade

	Qn. 1. (10)
	10

	Qn. 2. (20)
	20

	Qn. 3. (20)
	20

	Qn. 4. (20)
	20

	Qn. 5. (35)
	35

	Qn. 6. (05)
	05

	Qn. 7. (10)
	10

	Qn. 8. (15)
	15

	Total (125)
	125


Instructor
: Dr. Habib Youssef
Qn.1. (10 pts.) For the statements listed below, mark with T if the statement is completely true, and with F if the statement is partially or completely False.

· (FALSE) AM modulation requires twice the bandwidth of the carrier signal. 

· (FALSE) For AM modulation, the DSBSC and SSB signals require less power to transmit and are easier to demodulate than DSBTC signals.

· (FALSE) To economize on bandwidth and power requirements, SSB is preferred, where the AM DSBTC signal is amplified, the carrier and one of the sidebands suppressed, and finally the resulting signal transmitted. 

· (FALSE) FM requires five to ten times the carrier bandwidth.

· (FALSE) A PCM-CODEC performs the reverse process of a MODEM.

· (TRUE) FM and PM are special cases of angle modulation.

· (TRUE) The bandwidth requirement of angle modulation increases with the amplitude of the data signal.

· (TRUE) Balanced signal transmission is more immune to noise than unbalanced transmission.

· (FALSE) Manchester encoding has a problem with long streams of alternating 0's and 1's.

· (TRUE) One disadvantage of Non-Return-to-Zero (NRZ) signal encoding is the difficulty of synchronization for data signals that have long streams of 0's or long streams of 1's.

Qn.2.  (20 pts.) Select the correct option.

1. A modulated signal is formed by

a. changing the modulating signal by the carrier wave

b. changing the carrier wave by the modulating signal

c. sampling of the data signal at the frequency of the carrier

d. sampling of the data at the Nyquist rate

2. In ASK

a. the strength of the carrier signal is varied to represent binary  0 and 1

b. the strength of the data signal is varied to represent binary  0 and 1

c. the peak amplitude of the carrier signal is varied to represent binary  0 and 1

3. In FSK

a. the frequency of the carrier signal is varied to represent binary  0 and 1

b. the frequency of the data signal is varied to represent binary  0 and 1

c. the high frequency elements ae filtered

4. In PSK

a. the phase of the carrier signal is varied to represent binary  0 and 1

b. the Peak amplitude of the carrier signal is varied to represent binary  0 and 1

c. the high frequency elements ae filtered

5. Quadrature Amplitude Modulation means

a. ASK and PSK

b. ASK and FSK

c. PSK and FSK

6. PSK where 2 bits are transmitted per signal element is referred to as, 

a. QAM

b. 2-PSK

c. 4-PSK 

7. The constellation diagram on the right side represents a QAM signal with

a. 4 amplitudes and 8 phases           

b. 4 frequencies and 8 phases

c. 2 amplitudes and 16 phases

8. For the above QAM signal 

a. 4 bits are transmitted per signal element

b. 5 bits are transmitted per signal element

c. 12 bits are transmitted per signal element

9. ASK, PSK, FSK, and QAM are examples of

a. Digital-to-digital modulation

b. Digital-to-analog modulation

c. analog-to-digital modulation

d. analog-to-analog modulation

10. NRZ, NRZ-L, NRZ-I, Manchester and Differential Manchester are examples of

a. Digital-to-digital encoding

b. Digital-to-analog encoding

c. analog-to-digital encoding

d. analog-to-analog encoding

11. AM and FM are examples of

a. Digital-to-digital modulation

b. Digital-to-analog modulation

c. analog-to-digital modulation

d. analog-to-analog modulation

12. Which of the following is most affected by noise?

a. PSK

b. FSK

c. ASK

d. QAM

13. If the baud rate is 400 for a 4-PSK signal, the bit rate is

a. 800 bps

b. 400 bps

c. 1600 bps

14. If the bit rate for an ASK signal is 1200 bps, the baud rate is

a. 1200 bauds

b. 600 bauds

c. 300 bauds 

15. If the bit rate for an FSK signal is 1200 bps, the baud rate is

a. 1200 bauds

b. 300 bauds 

c. 600 bauds

16. If the bit rate for an 8-QAM signal is 3000 bps, the baud rate is

a. 1000 bauds

b. 9000 bauds 

c. 24000 bauds

17. Which of the following encoding methods does not provide for synchronization?

a. NRZ-L

b. RZ

c. Manchester

18. Given an AM signal with a bandwidth of 10 KHz and the highest frequency component at 705 KHz, what is the frequency of the carrier signal?

a. 700 KHz

b. 705 KHz

c. 710 KHz

19. One factor in the accuracy of a reconstructed PCM signal is

a. The signal bandwidth

b. The baud rate 

c. The number of bits used for quantization

20. Which conversion type needs sampling of the data?

a. Digital-to-digital conversion

b. Digital-to-analog conversion

c. Analog-to-digital conversion

d. Analog-to-analog conversion 
Qn.3.  (20 pts.) 

a.  (5 points)  Find the minimum bandwidth for a ASK signal transmitting at 2 Kbps. Assume the transmission mode is half-duplex and that r=0.

Answer:
Baud rate = number of signal elements sent per second = 1000 bauds

Bit rate = Baud rate x number of bits per baud = 1000 x 4 = 4 Kbps

b. (5 points)  Given a bandwidth of 5 KHz for an ASK signal, what are the baud rate and the bit rate? 

Answer: 

In ASK the baud rate is equal to the bit rate. Therefore, baud rate = 2000 bauds. An ASK signal requires a minimum bandwidth equal to its baud rate. Therefore, the minimum bandwidth is 2 KHz.

c. (5 points)  Find the minimum bandwidth for an FSK signal transmitting at 19.2 Kbps. Transmission is in half-duplex mode and the carriers must be separated by 30 KHz. 

Answer:
In ASK the baud rate is equal to the bandwidth and equal to the bit rate. Therefore, baud rate = 5000 bauds and bit rate = 5 Kbps.

d. (5 points)  Find the minimum bandwidth for an 4-PSK signal (4 phase shifts are used) transmitting at 2 Kbps. Transmission is in half-duplex mode. 

Answer:
For FSK, if f0 and f1 are the carrier frequencies used for 0 and 1, then

Bandwidth = Baud Rate + (f1 – f0)

However, the baud rate here is the same as the bit rate. Therefore,

Bandwidth = Bit Rate + (f1 – f0) = 19.2 + 30 = 49.2 KHz.

Qn.4. (10 points) Data is to be transmitted over a voice grade telephone line. Assume that the mean signal to noise power ratio is equal to 20 dB.

a. (8 pts.) Knowing that Eb/No  = (S/N) x (W/R), determine the maximum data rate that can be obtained if Eb/No  = 10 dB.

Answer:

(Eb/No)dB = 10 log(S/N) + 10logW - 10logR

Therefore,

10logR = 20 + 10log4000 – 10

That is  

R = 104.6 = 40 Kbps.

b. (2 pts.) Determine in that case the bandwidth efficiency.
Answer:

Bandwidth efficiency = R/W = 10.

Qn.5. (35 points) A system is designed to sample analog voltage signals using a 3-bit PCM codec. Assume that the voltage values are in the range of 0 to 5 Volts.

a. (6 pts.) Sketch and briefly describe the various stages of a PCM codec. 


Sampling: The input analog data signal is sampled at twice the highest significant frequency of the data signal. Each sample represents a narrow pulse whose amplitude is proportional to the value of the original data signal. This process is known as Pulse Amplitude Modulation (PAM).

Quantization: The PAM pulses are quantized, which consists  of the assignment of discrete values to the PAM pulses. The discrete values are approximations of the amplitudes of the PAM pulses.

Coding: Each discrete value is encoded in an n-bit integer. Therefore, 2n signal levels are available for approximating the PAM pulses.

b. (4 pts.) Name and briefly describe the type of errors/noise that may be introduced by a PCM codec.

Aliasing Error: When sampling is performed at a rate less than the Nyquist rate.

Quantization Error: Caused by the fact that a countable number of discrete signal levels are used to approximate an uncountable number of signal levels. This error is reduced by increasing the number of levels, i.e. the numpber od quantization steps. This requires the use of more bits

c. (1 pt.) Into how many groups does this 3-bit codec divide the input   voltage?

23 groups.

d. (2 pts.) Approximately, how many decibels are gained by the addition of each bit?

Around 6 decibels.

e. (2 pts.) What is the resolution of this 3-bit codec?

Answer:

Resolution = 5/23 = 0.625 Volt.

f. (2 pts.) What is the quantization error of this 3-bit codec?

Answer:

Quantization Error = Resolution/2 = 0.3125 Volt.

g.  (5 pts.) Give the analog voltages and the corresponding digital values that will be used by this 3-bit codec.

Answer:

0
0.625
1.25
1.875
2.5
3.125
3.75
4.375
5


|   000
   |  001
   |  010
   |  011
  |  100
   |  101
  |  110
   |  111
 |

h. (5 pts.) What bit stream output will occur from the following voltage  inputs?

1.25
3.21
5.5
3.75
0.6

001
101
111
101
000

i. (2 pts.) If the frequency of the input signal is 4 KHz, what sampling rate should be used to avoid aliasing?

Answer:

Sampling Rate >= 8 KHz

j. (3 pts.) Suppose that the input voltage is sampled at 50% more than the Nyquist rate, what bit rate would be generated out of the codec.

Answer:

Bit Rate = 8000 x 1.5 x 3 = 36 Kbps

k. (3 pts.) Suppose that the codec resolution has been improved so that the bit rate output from the codec becomes 56 Kbps. What will be in that case the bandwidth required to transmit the above digitized analog voltage if the channel has a signal-to-noise ratio of 30 decibels.

Answer:

W= 56000/(log2(1+SNR)) = 56000/( log2(1+1000)) = 5.6 KHz

Qn.6.  (5 points) Assume that a telephone line is equalized to allow bandpass data transmission over a frequency range of 300 to 3400Hz. For r=0, evaluate the required bandwidth for 2400 bps QAM. Is the bandwidth adequate? Recall that BT = (1+r)R/b, where b is the number of bits sent per baud.

Answer:

BT = (1+r)R/b is the transmission bandwidth, and the available line bandwidth is 4000 Hz. For QAM, b=2. Since R= 2400 bps, BT = R/2 = 1200 Hz, which fits within the available bandwidth.

Qn.7.  (10 points) A communication system is used to send 1000 ASCII characters.

a. (2 pts.) If asynchronous transmission is used with 1 start bit, 1 parity bit, and 1 stop bit, what percentage of total bandwidth will be wasted?

Answer: Waste = 3/10 = 30%

b. (3 pts.) If synchronous transmission is used to send the 1000 characters as one block, with 8 synchronization bits, 1 Start Delimiter  byte, 5 bytes as header information, 1 End Delimiter  byte, and 2 bytes for error control, what percentage of total bandwidth will be wasted?

Answer: Waste = 80/7080 = 1.123%

c. (5 pts.) Which form of transmission is better, synchronous or asynchronous? Discuss.

Answer: 

Synchronous transmission is a superior form of transmission. It allows a superior form of error control and results in better bandwidth efficiency. Asynchronous communication is recommended when the data to be transmitted consist of short blocks of just few bits each (such as one or a couple of bytes).

Qn.8. (15 pts.) Suppose that a single frequency carrier signal c(t) at frequency fc= 1 MHz is AM modulated by a single frequency data signal x(t) at frequency fx=10 KHz. Sketch the spectrum of the resulting AM modulated signal.

a. (5 pts.) Suppose that a single frequency carrier signal c(t) at frequency fc= 1 MHz is AM modulated by a single frequency data signal x(t) at frequency fx=10 KHz. Sketch the spectrum of the resulting AM modulated signal.





b. (5 pts.) Suppose that the carrier signal c(t) is AM modulated by a data signal x(t) whose bandwidth extends from 100 to 200 KHz. Sketch the spectrum of the resulting AM modulated signal.





c. (5 pts.) Suppose that the carrier signal c(t) is FM modulated with a data signal of bandwidth extending from 0 to 100 KHz. Assume that the FM modulation results in a bandwidth 5 times that of the data signal. Sketch in that case the resulting spectrum.
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