Problem 2,38
Fourier translorm both sides of the diflerential equation using the dillerentiation theorem
of Fourier transforms to get

[i2xf +a]lY (f) = [2nbf + ¢ X (f)
Therefore, the transfer function 1s

Y (f)  c+ j2nbf
X(f) a+j2nf

The amplitude response function is

."'Ir-z (276 2
H (f)] = v (27hf)

=

"1..-": a2+ (2nf _:'2

and the phase response is

2abf 2rf
arg [H ()] = tan ™ (ﬂ) tan™ " (—j)
G i

Amplitude and phase responses for varions values of the constants are plotted below.

Problem 2.39

(a) The find the unit impulse response. write H (f) as
H(f)=1 :

' b+ j2nf

Inverse Fourier transforming gives

B(t)=&(t) — 55y (1)

(b) Use the transform pair

A
Ae 7 (1) o e
; a+ 727 f

and the time delay theorem to ind the unit impulse as

2
h(t) =" B0y (1 - 3)
]



Problem 2.42
(a) By long division
R/ L

B4 j27 f

H(f)=1

Using the transforms of a delta hunetion and a one-sided exponential. we obtain

R By B
h(t) =& () Tlv};p( %x) w (t)

(b) Substituting the ac-equivalent impedance for the inductor and using voltage division,
the transfer funection is

() — B p2rfL R, (Ry || Ra) /L
VTR R BB j2nfl Rt B\ (R Ra)/L+i2n]

Therelore, the impulse response is

e _ Ry Ha iy g )
! = —— | A e e i i
W= s T ey ffg‘af.(ll}'( L) ]]



Problem 2.44
(a) The condition for stability is

/ |hy (8} dt = / lexp (—at) cos (27 fot ) u (t)| dt

-

o0 2 . . 1
= / exp (—at) |cos (27 fot )| dt < [ exp(—at)di = — < 00
J0 JO o

=l

which follows because |cos (27 fot)
(b) The condition for stability is

[ lhy ()| dt = [ |cos (27 fot ) u (¢)] dt

oo

[n =]
= [ |cos (27 fot)| dif — oo
JO

which follows by integrating one period of |cos (27 fgt )| and noting that the total integral is
the limit of one period of area timnes N as N — oo.
(¢} The condition for stability is

i - N
/ hz (t)|dt = [ =t —1)dl
- A

o
= [ £=11'1{|f]'f'E -+ 0O
iy

Problem 2.49

(a) Amplitude distortion; no phase distortion.
(b} No amplitude distortion; phase distortion.
(¢} No amplitude distortion; no phase distortion.
(d) No amplitude distortion: no phase distortion.

Problem 2.50

The transfer hinction corresponding to this impulse response is

; 2 2 ; 2 f
HE] = 5T 2] = — EXp l Jjtan (—5)]
STEED w0 () ‘

The group delay 1s

s
| =
re—
=
Jus|
# oo

i)
0 |
'-‘_‘:
M
| I

() = —5-5

The phase delay is




Problem 2.51
The group and phase delays are, respectively,
0.1 0.343

B _
9 (/) 1+ (02702 1+ (0.6677f)

Ip(f) = %[lm‘l[ﬂ.?*—.j'] tan (0.6677 f)]

& i

Problem 2.55
Write the transter unction as

H (f) = Hoe™32mIt0 _ o1l L e—Jienfla
2B
Use the inverse Fourler transform of a constant. the delay theorem, and the inverse Fourier

transform of a rectangular pulse lunction to get

h(t) = Hob (t — to) — 2B Hpsine [2B (£ — to)]

Problem 2.58

(a) 0.5 seconds; (b) and (c) - use sketches to show.

Problem 2.6G1

The lowpass recovery filter can cut off in the range 1.9 kHz to 2.1~ kHz.

Problem 2.62

For bandpass sampling and recovery, all but (b) and (e) will work theoretically, although an
ideal filter with bandwidth exactly equal to the unsampled signal bandwidth is necessary.
For lowpass sampling and recovery, only ([} will work.



Problem 3.2
Multiplying the AM signal

ey = A l b iy H]-_ cos Wl

by z(t}) = A [l F a1t :']I'H:- wet and lowpass filtering to remove the double frequency

(2we) term yields
yp(t) = Ae [1 + amy (1)) cos (t)

f

x 2] -
& = ()
R C

Fienre 3.1

For negligible demodulation phase error, #{1) == 0, this becomes
yp(t) = Az + Acamy, (1)

The dc component can be removed resulting in Ayamy (£), which is a signal proportional
to the message, m (f). This process is not generally used in AM since the reason for using

AM is to aveid the necessity for coherent demodulation.

Problem 3.4

Part  {(m2 (1)} z=0.4 a = 0.6 a=1
a /3 Ep=51% FEpp=107% FEgp=25%
b 1/3 Eer=51% Epp=10.7% E;;=25%

c 1 Err =138% Ef=265% FEpp=50%



Problem 3.5

By inspection. the normalized message signal is as shown in Figure 3.3,

Thus

2 Il
My (1) = =L, 0<i< ?
E T T T T T T T T T

Foal

Figure 3.3:



and

Also
A:14+a] = 40
Ac[l—a] = 10
This yields
1+a 40
=i 10
or
l+a = 4—4a
N =
Thus
a=106

Since the index 1s 0.6, we can write
A:[140.6] =40

This gives

This carrier power is

1 1
P.= =AY ==(25)° =312.5 Watts

The efliciency is .
(0.6°(8) 036

Err = — — = 0.107 = 10.7%
w2 (1 a a0
1+ (0.6)" {3) 3.36
Thus p
sh -
—_— (10T
-PL' | -P.si.-
where Py represents the power in the sidebands and F. represents the power in the carrier.

The above expression can be written
Fap = 0107 4 0.107 Py,

This gives
0.107 . _
Pt o gras Wik
T 10-0107 ©



Problem 3.10

A=14.14 B =516 a = 1.1547

Problem 3.11
The modulator ontput

Te (1) =20 cos 27 (150) ¢ + 6 cos 27 (160} £ + 6 cos 27 (140) ¢

12

2

1
Faft]=2011+4 ﬁt-m«'}:’r[lﬂ]! cos2m (150) §

Thus. the modulation index. a. is
12 0.6
i —==—uw= LD
20

The carrier power is

1
P ==(20)2 =200 Watts

and the sideband power is
1. ¥ :
Pgi= 5 [IE'.]2 £ [Ej}2 =36 Watts
Thus, the efliciency is

oo __ 36
5500 + 36



