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Tutorial 4

These exercises relate to material in Lectures 10, 11 and 12

Question 1:

Sketch and label ¢#) and f{z ) for PM and FM when x(z) = A At/T). Take
¢ (-0) = 0 in the FM case.

Solution:
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Question 2:
Repeat Question 1, with
x(t) = Acos(zt I ) T1(¢ / 27)

Solution:
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Question 3:
Repeat Question 1:, with

4 At
1> -16"

x(t) =

for ¢t > 4.

Question 4:
A frequency-sweep generator produces a sinusoidal output whose instantaneous frequency
increases linearly from fat¢=0to f,at¢r=17. Write 6.(z) forO < < T.

Solution:

f@)=a+bt for O<t<T

fO)=a=f, f(I)=a+bT=f, = b:%

0.(t)= Zﬁ.[f(ﬂ)di Zﬁj(fl fom flj,}di 20 (j:‘lt_'_foi zj
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Question 5:
Besides PM and FM, two other possible forms of exponential modulation are phase-integral
modulation, with ¢(r) =Kdx(¢)/d¢ , and phase-acceleration modulation, with

f()=f +K j x(A)dA

Add these to Table 5.1-1 in Carlson and find the maximum values of #(¢) and £{¢) for all four
types when x(¢) =c0s(27 f,1).

Solution:
Type #(t) [ Prmax Jonax
. Ka’x(t) y +£d2x(t) ,
Phase-integral dt ‘2r d* K2rf, f.+K2nf,
@, dx(1)
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Question 6:

A tone with a frequency fr, =5 kHz and amplitude 1 V is used to frequency modulate a high-
frequency carrier with a frequency f.= 50 MHz. If the maximum frequency deviation f, = 20 kHz,
calculate the modulation index £ .

Question 7:

Use Eq. (16):

cos(Bsin(@nt) = Jo) + ). 2n(B) coslnan?)

n even

[ee]

sin(B sin(w,,t)) = Z 2], (B) sin(nw,,t)
n odd

to obtain Eq. (18a):

% () = AcJo(B) cos(0e) + ) Acfy (B)[cos(@ + o)t = cos(@e = novy) 1
n odd

+ Z A J,(B)[cos(w. + nwy, )t + cos(w. — nwy,) t]

n even

from Eq. (15):
x.(t) = A [cos d(t) cos w.t — sin Pp(t) sin w,t]

= A,[cos(B sin w,,t)cos w.t — sin(B sin wy,t)sin w,t]

Solution:
x,(f) = 4.[ cos(Bsinw,t)cosw, t —sin( Bsinw,t)sinw,t |

=A.| Jy(B)cosw i+ D 2J,(B)cosnw,tcosw,t— Y 2J,(B)sinnw,tsinw,t

neven nodd

where cosnw, tcoS, t = %[cos(wa —nw, )t +c0s(w, +nw, )t |

sinnw tsinw t = %[cos (0, —nw,, )t —cos(w, +nw, )t ]

s0 x,(1) = A4, (B)coswt+ Y. J,(B)|cos(a, +nw, )t +cos(w, —nw, )]

neven

+ > J,(B)[ cos(w, +nw,, )t —cos(w, —nw, )t ]

nodd





