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1. Given thewaveform f (t) :10005[90 x10°t +2000052000t}
a) If f(t)isaPM signal, what isthe message signal if k, =50rad /V ?
b) If f(t)isaFM signal, what isthe messagesignal if k, =100 KHz/V ?

a) If f(t) isaPM signal, then k,m(t)=200c0s2000t = 50m(t)=200cos2000t
m(t) = 4cos2000t V

b) If f(t) isaFM signal, then &y =90x10° -4 x10°sin 2000t

f = i(goxloﬁ —4x10° sin 2000t
2T

.
kmft) = -210 Z‘”ZOOOt m(t) = ——% sin 2000t V.
m 2

2. Given the angle-modul ated waveform f (t) =10 005[90 x10°t +200c0s ZOOOt]

a) Determine the instantaneous frequency.
b) Whether f (t) represents a PM or FM, the bandwidth can be found by using Carson’s

rule, determine the required bandwidth.
c) Determine £ and identify whether it isNBFM or WBFM.

a) f(t)=10cos| 90x10°t +200c0s2000t |
Note: w. :% where @ isthe phase angle

The instantaneous frequency: w, = 90x10° —4 x10° sin 2000t

= 2000 —4x10° - _804
b) f,=20007 and Af Vo = BW=2(f,+af) =" KHz
5
9 since p="1 =470 2”3:200 = WBFM = BWDO2Af= S0z
f 21T 2x10 27T
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3. Compute the carrier frequency f., and the peak frequency deviation Af of the output of the
FM transmitter as shown below if f, =200,KHz, f, =10.7 MHz, Af, =25Hz, n, =64 and
n, =48.

Frequency Frequency fC
fbtg —> Zdt Multiplier > 'gsg\lj:rrt]g —»  Multiplier AAf
Xn; xn,

A

N‘:I %

cos27f,t

cos27ft

fo =(0.2 MHzx64 +10.7 MHz)(48) =1128 MHz or 100.8 MHz
A f =25x64x48 =76.8KHz

4. A 1 GHz carrier is frequency modulated by a 10 KHz sinusoid so that the peak frequency
deviation is 40 KHz. Use both Carson’s rule and Bessel functions (significant up to 2 digits
after the decimal) to determine the followings:

a) the approximate bandwidth of the FM signal

b) the bandwidth if the modulating signal amplitude were doubled

¢) the bandwidth if the modulating signal frequency were doubled

d) the bandwidth if both the amplitude and the frequency of the modulating signal were

doubled.
a B= Af—f :j—g =4  Carson'srule: BW =2f, (1+ ) =2x10* x5 =100 KHz
' Bessel function: BW =2nf_ =2x7 x10" =140 KHz
by B= Af—f =% =8  Carson'srule: BW =2f, (1+ ) =2x10" x9 =180 KHz

Bessdl function: BW =2nf_=2x11x10* =220 KHz
Note: double the amplitude will double the frequency deviation.

0 B="—=,,=2 Casn'srie BW=2f, (1+8) =2(2x10")3 =120 KHz
Bessel function:  BW =2nf,, =(2)(4)(2x10*) =160 KHz
d) ,B:Af—f:%:4 Carson'srule: BW =2f,, (1+ 8) =(2)(2x10*)(5) =200 KHz

Bessel function:  BW = 2nf,, =(2)(7)(2x10") =280 KHz
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