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Example/  an analog signal  )4000cos(1)( ttf π+=  is sample by  fs

Sol/ 

 = 5000 

Hz  draw the sampling signal spectrum. Calculate min. sampling frequency. 

 

 

 

 

 

 

  

 

fsmin= 2*f

f
m 

s

 

min=2* 2000=4000 Hz 

 

-2KHz  0   2KHz 
3KHz  5KHz   7KHz -7KHz  -5KHz   -3KHz 

H(f) 

f 
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- PAM Modulator and Demodulator 
The PAM modulator that satisfy the sampling condition have 

transmitted bandwidth  

S
PAM T

BW
2
1

=  

The modulator and demodulator of PAM shown below 

 

 

 

 

 

 

S&H  
Sampler LPFT 

fcut =BWPAM 

Pulse 
Generator 

Clock 
fclock =1/Ts 

Analog 
Modulator 

Channel Analog 
Modulator S&H  

Pulse 
Generator 

Clock 
fclock =1/Ts 

LPFR 
fcut = W 

 
 
 
 
 
 
 
 
PAM Modulator 

 
 
 
 
 
 
 
 
PAM Demodulator 

f(t) f^(t) 
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The transmit LPFT use to minimize the transmit signal when the receive 

LPFR

 

 used to reconstruct the received signal. The analog modulator can by 

AM, DSBSC, SSBSC, PM, or FM. 

- Time Division Multiplexing (TDM)  
 

 
  TS

  T

 : sampling time 

X

     

 : TDM sampling time 

n
T

T S
X =  

n: number of multiplexed channels. The bandwidth and the number of 

sample transmitted by sec for the TDM transmit signal are 

   
sec)/(1

)(
2

1

Sample
T

RateSampling

Hz
T

BW

X

X
TDM

=

=
 

The TDM modulator and demodulator shown in figure below 

 

 

TS TX 
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Example / Ten low-pass signal each band limited to 4KHz are to be 

multiplex in Time  by sampling frequency 10KHz . calculate  

SOL/ 

1- min clock frequency of TDM system 

      
KHzf

fn
T

f

clock

s
x

clock

1001000010

1

=×=

==
 

  

 

 

Sampler LPFT 
fcut =BWTDM 

Pulse 
Generator 

Clock 
fclock =1/TX 

Analog 
Modulator 

Analog 
Modulator S&H  

Pulse 
Generator 

Clock 
fclock =1/TX 

LPFR 
fcut = W 

TDM Modulator ( for n channel) 

TDM Demodulator 

f1(t) 

fn(t) 

f2(t) 

Commentator 
 

LPFR 
fcut = W 

LPFR 
fcut = W 

f1(t) 

f2(t) 

fn(t) 

Commentator 
 

Received 
signal 

Transmit 
signal 
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2- what is the min cutoff frequency of the transmitted LPF

      

T 

KHzf

fn
T

BWf

ToffCut

s

x
TDMToffCut

50
2
1000010

22
1

)(

)(

=
×

=

===

−

−

 

3- what is the min and max. (Range) cutoff frequency of the received  

LPF

      

R 

KHzff
KHzWf

sMaxRoffCut

RoffCut

52/

4

)(

min)(

==

==

−

−  

4- What is the total system pulse rate 

sec/1001000010

1

KPulseRate

fn
T

Rate s
x

=×=

==
 

 

                                             

Q1) 30 low-pass signal each band limited to 3.3 KHz are to be multiplex in 

Time  by sampling frequency 10KHz . calculate min clock frequency of 

TDM system, total system pulse rate and Bandwidth. 

Sheet 3 

 

Q2) 10 low-pass signal each band limited to W KHz are to be multiplex in 

Time  by min. sampling frequency  if the transmitted ideal LPF cut-off is 

100 KHz  calculate W. 

 

Q3)  The three signal  f1(t), f2(t), and f3(t) is sampled by fs

tetf
ttf

tttf

t ≤=

<≤=
<≤−=

− 0)(

203)(
102)(

3
3

2

1

= 4 Hz draw 

the TDM  signal from 0 sec to 1.5 sec. Then design TDM modulator and 

demodulator.(Hint assume the pulse duration neglected)  
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- The PCM Bandwidth and Bit Rate 
 

The sampling time TS is divided into equal space call Tb

 

 bit time in 

this space the bit represented by an electrical shape 

samplebitofnumberR
R
T

T S
b

/:

=    

The transmitted bandwidth and it rate are 

           

sec/1
2

)(
2
1

2

bitfR
T

RateBit

T
LLogBW

Hz
T

BW

S
b

S
PCM

b
PCM

==

≥

≥

   

 

Example/ 

SOL/ 

    1-    
bitLLR

level
m

L

1
)2ln(
)ln()(log

2
1

1*22

2

max

===

==
∆

=
                    2-     

volt

LR
voltm

L
L
m

R

0078125.0
256

1*2
2568

1
2

2

max

max

==∆

==

=
=

=∆

 

 

 

This solution repeated for other case    
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Example/ 

 

Sol/ 

a) fs = 2f

f
m 

s

bit Rate = R f

 =8000 Hz 

S

bit Rate = 8*8000=64000 bit/sec 

  

MAX. recording Time= total memory size/bit rate 

MAX. recording Time=109

       = 2083 min and 20sec 

*8/64000 = 125000 sec 

       = 34 Hour, 43 min, and 20 sec 

 

b)  fs = 2f

f
m 

s

bit Rate = R f

 = 44000 Hz 

S

bit Rate = 16*44000=704000 bit/sec 

  

MAX. recording Time= total memory size/bit rate 

MAX. recording Time=109

               = 189 min and 23.6 sec 

*8/704000 = 11363.6 sec 

              = 3 Hour, 9 min, and 23.6 sec 
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c)  fs = 2f

f
m 

s

bit Rate = R f

 = 10 MHz 

S

bit Rate = 12*10*10

  
6

bit Rate = 16*44000=704000 bit/sec    (Sound) 

=120 Mbit/sec    ( Video) 

total bit/sec= 120*106+0.704*106=120.704*106

MAX. recording Time= total memory size/bit rate 

 bit/sec 

MAX. recording Time=109*8/(120.704*106

              =  1 min, and 6.28 sec 

 )= 66.28 sec 

d) 
sec/786432

1*)8(*768*1024
sec

**

bitRate
Rate

fram
pixel
bit

fram
pixelRate

=
=

=

 

MAX. recording Time=109

 

*8/(786432 )= 10172.53 sec 

 

Example/ The PCM modulator have resolution %1±  used to transmit 

binary data the analog signal have max, frequency 3 kHz and sampling 

frequency is 2.5 time the analog frequency. Calculate  PCM modulator 

parameters 

 

SOL/ 

 

 

 

 

fs = 2.5 f

   fs = 7.5 KHz 
m 

L = 1/(resolution) 

L=1/.02 = 50 level 

Coder 
R 

Quantizer 
L, SNRq 
 

Sample 
fs 

Binary 
 
BWPCM 
Bit Rate 

Analog 
3KHz 
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R=log2

R = 6 bit/sample 

(L) =ln(L)/ln(2) = 5.648 bit 

Let  the input is sin or cos then 
2

1
=F    

SNRq

 

 (dB) = 6.02*R -20*log(F) +4.77= 43.9 dB 

sec/451

5.22
2
7500*6

22
)(

2
1

2

KbitfR
T

RateBit

KHz
fR

T
LLogBW

Hz
T

BW

S
b

S

S
PCM

b
PCM

===

====

=
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Example/ The low pass signal of max. frequency 3.3KHz sampled 8 KHz 

and code by eight bit/ sample transmit by QPSK  with Eb/N0

1- total transmit bit rate 

 =6dB. 

Calculate  

 Transmit bit rate = (R*fS

       Transmit bit rate = (8*8000)/2=32 Kbit/sec 

)/2 

2- probability of error  Pe= Q((2Eb/N0)0.5

E

) 

b/N0 (dB)=10 Log(Eb/N0

E

) 

b/N0 = 10(6/10)

P

=3.9811 

e

P

= Q(2.2817) 

e=(1/2)*erfc(2.2817/20.5)= 0.0113 
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