
EE 3008 Test 2 Answer 

 

Q1) (a) Average power for each symbol = 
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For A = 0.2 and b= 0, 2, 4, and 6, the average transmission power is 

Ps = 0.5 × 0.22  × ( 02+22+42+62)/4 = 0.28W. 

(b) Symbol rate Rs = 1/τ. 

Number of bits per symbol k = log2(4) = 2. 

Information rate = Rs  × k = 1/10-2× 2 = 200 bits/second. 

(c) Each symbol energy =  
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For A = 0.2 and b= 0, 2, 4, and 6, the average energy per symbol is 

Es = 0.5 × 0.22 × 10-2 × ( 02+22+42+62)/4 =2.8 × 10-3 J. 

 

Q2) (a) ( ) ( )
22 2 2 2

0

5
( )cos (2 )

4 4 4

T

b

T T
E p t t dt A A A T= = + =   

(b) 
2

0

2 5

2

bE A T
BER Q Q

N

  
= =      

   

 

 

Q3) Since the rule is same → 1, different → 0, the transmit signal is given by  

message:                         0  1   0   1    1   0  1   0 

transmit signal:        +1 -1 -1 +1 +1 +1 -1 -1 +1 

 

 

Q4) The bandwidth of the input signal is W=10kHz, thus the Nyquist rate is Rs=2W=20k 

sample/second. Symbol rate 1/=B=60k symbol/second for all two schemes. 

(a) For BPSK, bit rate R=1/=60 kbps, k=R/Rs=3 and so n = 2k = 8. 

(b) For QPSK, bit rate R=2/=120 kbps, k=R/Rs=6 and so n = 2k = 64. 

 

 



Q5) Let D = 40dB (dynamic range) 

 (a) Ratio of max to min quantization power levels can be found as follows. 

    D = 20log10(Amax/Amin) = 40dB. 

    Amax/Amin = 1040/20 = 102 = 100. 

(b) We take n =2k = 27= 128, thus the required number of quantization bits is k=7 bits. 

 

 

Q6) To use μ-law formula, the system should be first normalized into the amplitude range [-

1V, +1V]. In this normalized μ-law system, the minimum quantization value 
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 into the μ-law formula, then we have the 

minimum quantization value of the normalized uniform quantization 
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Q7) Note that 20cos(1600πt) + 20cos(2400πt) = 40cos(400πt)cos(2000πt). Therefore 

                  s(t) = 20cos(1600πt) + 60cos(2000πt) + 20cos(2400πt) 

                        = 60cos(2000πt) + 40cos(400πt)cos(2000πt) 

                                   = 40(1.5+cos(400πt))cos(2000πt) 

Comparing with sAM-DSB-C(t) = A(c+sm(t))cos(2πfct), we find that 

(a) The frequency of the information signal is 200 Hz, i.e.,  fm = 200Hz. 

(b) The carrier frequency fc = 1000 Hz. 

(c) Since c=1.5, then m = 1/c smax = 1/1.5 × 1, i.e., the modulation index is 0.667. 

(d) The power efficiency is  
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Q8)  

(a) The modulation index is 0.2/20=0.01. 

(b) The FM signal can be obtained by an Armstrong modulator, the structure is given 

below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


