
EE3101  Tutorial 6 Solutions 
 
(1) (a)  For Continuous-phase FSK (CFSK) : f1  f2 = 1/Tb;  i.e. 1   2 = 2/Tb 

Takes c = (1+2)/2, we have  
 

 i.e. for binary 1: 
 
 

     for binary 0: 
 
 
 

  
 

(b) The transmitted signal for CFSK can be represented as: 
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The overall psd at the modulator output is (equal to the summation of individual psd): 

 
   
The overall baseband equivalent psd is: 

 

   
 
{Note: In a lot of applications, baseband equivalent psd is used because it may be quite tedious to 

express the psd in the passband. } 
 
 
 

 
Additional Notes: 

 The psd of )2cos(or    )2sin( tftf cc  is )]()([
4

1
cc ffff    

  The psd of )cos(or    )sin( xtxt is )]2/()2/([
4

1  xfxf   

  

)cos(
2

)(1
b

c
b T

t
t

T
Ets

 

)cos(
2

)(2
b

c
b T

t
t

T
Ets

 

bcbc TT /   ;/ 21  

ely respectiv and inary  are for b and   where 
T

t
t

T
Ets

b
c

b

01          )cos(
2

)( 


vely' respecti' and ' ' represent and  where
T

t
t

T

t
t

T
E

b
c

b
c

b

01      )]sin()sin()cos()[cos(
2




)(4

)(cos8
)]

2

1
( )

 2

1
([

 2
)(

2

22

22
b

2

b
2

bbb 1   fT 

f T  E 
 + 

T
 + f   +

T
  f    

T

E
 = f   S









222

2

22

2

2

]1)([4

)]([cos2

]1)([4

)]([cos2
                   

] )
 2

1
()

2

1
( )

 2

1
( )

 2

1
([

 8
)(

   ffT 

ff T  E 

   ffT 

ff T  E 
 + 

T
 ff 

T
 + ff   +

T
  ff 

T
  ff    

T

E
 = f   S

cb
2

cb
2

c
2

b
2

cb
2

b
c

b
c

b
c

b
c

b





















(2) For the MSK signal, the transmitted signal is represented as: 
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The I-channel is: 
 

The Q-channel is:  
 
 

The baseband equivalent psd of the I or Q channel is:
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i.e the overall baseband equivalent psd of MSK modulation is thus: 
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(3) (a) 𝑆 ቀ
ଷ

ସ்್
ቁ = 0 

(b) Since both denominator and numerator approach to zero when 𝑓 =
ଵ

ସ்್
 , we apply 

L'Hospital's Rule here  
 

𝑆(𝑓)|
௙ୀ

ଵ
ସ்್

=
16𝐸ଶ

𝜋ଶ

2 cos(2𝜋𝑇௕𝑓)[ − sin (2𝜋𝑇௕𝑓)]2𝜋𝑇௕

2(16𝑇௕
ଶ𝑓ଶ − 1)32𝑇௕

ଶ𝑓
=

−𝐸ଶsin (4𝜋𝑇௕𝑓)

2𝜋𝑇௕(16𝑇௕
ଶ𝑓ଷ − 𝑓)

 

  
 The denominator and numerator still approach to zero, apply L'Hospital's Rule again, 
 

𝑆(𝑓)|
௙ୀ

ଵ
ସ்್

=
−𝐸ଶcos (4𝜋𝑇௕𝑓)4𝜋𝑇௕

2𝜋𝑇௕(48𝑇௕
ଶ𝑓ଶ − 1)

= −
2𝐸ଶ cos(4𝜋𝑇௕𝑓)

48𝑇௕
ଶ𝑓ଶ − 1

= 𝐸ଶ 

 

 The maximum psd occurs at 𝑓 = 0, 𝑆(0) =
ଵ଺ாమ

గమ
 

 i.e.  𝑆 ቀ
ଵ

ସ்್
ቁ is 

ாమ

భలಶమ

ഏమ

= 0.6168  of the maximum value, or 2.1 dB below the maximum value. 

 
 
(4) No, it isn’t.  

It is because the shape of the waveforms is different, so it is very unlikely that they have the 
same psd. 

 
 

(5)   
ଵ

√ଶ
= exp [−2(𝜋𝜎𝐵𝑇௕)ଶ] 

2 = exp [(2𝜋𝜎𝐵𝑇௕)ଶ] 

 𝐵𝑇௕ =
ඥ௟௢௚೐ଶ

ଶగఙ
  

 


