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CH. 2 / SIGNALS AND SPECTRA
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Sest- 13, 2200

The voltage across a load is given by v(f) = Ap cos wot, and the current through the
load is a square wave,

©

0 =1, 3 [n(t—nTo)_H(t—nTo—(Tol2))]

n=—o To/2 To/2
where g = 27/Ty, Tp = 1 sec, Ap = 10 V, and I, = 5 mA.
(a) Find the expression for the instantaneous power and sketch this result as a
function of time.
(b) Find the value of the average power.
The voltage across a 50-() resistive load is the positive portion of a cosine wave
That is,

o(t) = {10 cos wpl, |t = nTo| < To/4

0, t elsewhere
where n is any integer.
(a) Sketch the voltage and current waveforms.
(b) Evaluate the dc values for the voltage and current.
(c) Find the rms values for the voltage and current.
(d) Find the total average power dissipated in the load.
For Prob. 2-4, find the energy dissipated in the load during a 1-hr interval if T -
1 sec.
Determine whether each of the following signals is an energy signal or a pows
signal and evaluate the normalized energy or power, as appropriate.
(@) w() = IIF/T,).
) w() = II(t/T,) cos wpt.
(c) w(® = cos’ wyt.
An average reading power meter is connected to the output circuit of a transmitte
The transmitter output is fed into a 75-{) resistive load and the wattmeter rea
67 W.
(a) What is the power in dBm units?
(b) What is the power in dBk units?
(c) What is the value in dBmV units?
Assume that a waveform with a known rms value, Vi, is applied across a 50-
load. Derive a formula that can be used to compute the dBm value from V.
An amplifier is connected to a 50-{2 load and driven by a sinusoidal current sour
as shown in Fig. P2-9. The output resistance of the amplifier is 10 ) and the inf
resistance is 2 k(). Evaluate the true decibel gain of this circuit.

Sinusoidal
current

source
Iims =0.5mA Amplifier 500 Vims = 10 volts

—

FIGURE P2-9




PROBLEMS 81

2-10 The voltage (rms) across the 300-(} antenna input terminals of an FM receiver is
3.5 uVv.
(a) Find the input power (watts).
(b) Evaluate the input power as measured in decibels below 1 mW (dBm).
(c) What would be the input voltage (in microvolts) for the same input power if the
input resistance were 75 () instead of 300 1?

2-11 What is the value for the phasor that corresponds to the voltage waveform v(r) =
12 sin{wypt — 25°), where wp = 20007?
2-12 A signal is w(f) = 3 sin(1007r¢ — 30°) + 4 cos(1007). Find the corresponding pha-
S0T. '
2-13 Evaluate the Fourier transform of
e” ", t=1

win = {o, t<1

2-14 Find the spectrum for the waveform w(f) = e~ "¢7 " What can we say about the
width of w(r) and W(f) as T increases? [Hint: Use (A-75).]

\/ 2-15 Using the convolution property, find the spectrum for

w(t) = sin 2mft cos 2mft
2-16 Find the spectrum (Fourier transform) of the triangle waveform

s = {At, 0<t<T,
0, t elsewhere

in terms of A and T,

\/ 2-17 Find the spectrum for the waveform shown in Fig. P2-17.

w(t)
A
3P_'
2
]_.
L i it | o i
4 -3 -2 -l 1 2 3 4 1+—»
FIGURE P2-17
. —Jt
\/2-18 If w(?) has the Fourier transform GQ) x(+‘) - W (—.L -*I) e |
j2nf ;
W(f) = —T—=— ‘
) 1+ 2nf

find X(f) for the following waveforms.
(a) x(® = w(2t + 2). .‘j .é

Ay ... el _a1Y O a) Xéf)-: Fgf{{ki"’ f)

't




2 Problem 2.7

Problem An average reading power meter is connected to output of transmitter. Trans-
mitter output is fed into 75¢2 resistive load and the wattmeter read 67W

(a) What is power in dBm units?
(b) What is power in dBk units?
(c) What is the value in dBmV units?

2.1 part(a)
=| 48.2607 | dbm
(b)
dek =10 lOglo Pk
=| —11.7393 | dbk
()
v2
pP=-
R
Hence
Hence
SO

201log,, V = 101log,, 67000 4 10 log,, 75000

=1| 97.0114 dbmV




3 Problem 2.8

Assume that a waveform with known rms value V., is applied across a 50¢2 load. Derive
a formula that can be used to computer the dbm value from V,,,,

P (watt) = V}?Eg)/)

Hence

Py = 1010, (10° x Pae)
10° X V2, (V)
R ()
=10 <log10 10°V2 . —logy, R)
=10 <log10 10 + log,, V2., — logy, R)

rms

=10 (3 + 2 logm Vims — 1OglO R)

Hence

Py, = 30 + 201og, o Vims — 10log,, R

When R = 5012, we obtain

= 30 4 2010g,g Vims — 16.9897
= 13.0103 + 201og;o Vs



4 Problem 2.9

1%

ASSUIME LML 8 WEYEIELLE T it s saw s os =o— - s ll
ioad. Derive a formula that can be u sed to compute the dBm valug ITom ¥omy
An amplifier is connected 1o 3

1« shawn in Fig, P2-9. The output resistance of the amplifier is 10 {1 and the inj
a0 L i v -

resistance 15 2 kfl. Evaluate the true decibel gain of tus circull
SISEANCE 1: K2l L -

FIGURE P2-%

5001 load and doven by a sinusoidal current soun

Figure 1: the Problem statement

P
Gain(db) = 101ogy, ??
VTQ’VTLS
( Ry )
12 R

rms= n

(%)
50
(0.5 x 10-3)% x 2000

10°

=10 (log; 10° — logy 25)

=10 (5 — 1.39794)
= 36.021

5 Problem 2.15

Using the convolution property find the spectrum for w (t) = sin 27 f1t cos 27 fot

Solution:

But

F (w(t)) =F (sin2nfit) ® F (cos 2w fot)

F(sin2rfit) = 32 (6 = f) =3 ( + )
F(cos2mfot) = 5 (5(f = f2) +6(f + )



Hence (1) becomes
1 1
Flw®) = {zj(5(f_f1)_5(f+f1))}®{2(5(f—f2)+5(f+f2))}
:41j{(5(f—f1)—(5(f+f1)}®{5(f—f2)+§(f_|_f2)} )

Applying the distributed property of convolution, i.e. a® (b + ¢) = a®b+a® ¢ on equation
(2) we obtain

AjF (w(t)) =0 (f = [1)@6(f = f2)+0 (f = [ (f + f2) =0 (f + [1)®6 (f — f2) =0 (f + [1)Q6 (f + f2

(3)
Now
S(f =) ©I(f—f) = /6A f)0(F = (A= f) A
5(f + fa - fl/é (A= f2)) dA
o(f+f2— fr) (4)
And
5(f =) @6 (f+ f2) = /6A )8 = A+ f2)) dA
6(f — o~ ﬁ./é (A = f2)) dA
6(f = f= i) (5)
And
6U+fo®ﬂf—ﬁw=/6@+fouf—@—ﬁ»w
<f+ﬁ+f1/h (A= f2)) dA
5(f + fa+ 1) (6)
And

5(f+F)@F(f+ ) = /5<A+f1>6<f—<x+f2>>dA

6(f - ﬁ+ﬁ,/6 (A= f2)) >
o(f = f2+ f1) (7)



Substitute (4,5,6,7) into (3) we obtain

Fw®)=450(f+f—-f)+0(f—Ffo=fi) =0(f+ ot fi) =0(f = ot f1)]

or

Flw®)=g50f+ =) +0(f—(fot /1)) —0(f+(fot fi)) =0 (f = (fo— f))]
(8)

This problem can also be solved as follows

w (t) = sin 27w fit cos 2 fot

(sin (o — B) + sin (o + B)), hence

D=

Using sin a.cos § =

w(t) = ; (sin (27 f1t — 27 fot) + sin (27 it + 27 ft)

— 1(s.in 2m (fy — fo)t) +sin (27 (f1 + f2) 1))

\V)

3 (57 00— = B =80 4 (= £+ g (605 = (o 2) =67+ (5 o+ £2)
S = (= ) =3+ (= £ 6 = (fi ) =57 + (i + 1))

:41j{5(f+(f2—f1))+5(f—(f2+f1))—5(f+(f2+f1))_5(f_(f2_f1))}

(9)
Compare (8) and (9) we see they are the same.
6 Problem 2.17
t t
— Yo v
w (t) rect (4) rect (2)
By linearity of Fourier Transform
t t
F(w(t)=4xF (rect (4)) —2xF (rect (2)> (1)

Since

r (rect (i)) = 4sinc (4f)



and

a (rect <;>) = 2sinc (2f)

F (w(t)) =4 x 4sinc (4f) — 2 x 2sinc (2f)

Then (1) becomes

=| 165sinc (4f) — 4sinc (2f)

Or in terms of just the sin function, the above becomes
sin (47 f) sin (27 f)

t) =1 —4
F(w(t)) =16 inf o
sin (47 f) sin (27 f)
—4 )
mf 7 f
_ 4sin(4w f)—2sin(27 f)
wf

7 Problem 2.18

If w (t) has the Fourier Transform W (f) = 2L find X (f) for the following waveforms

Tj2nf
(a) z(t) = w (2t + 2)
b)z(t)=w(t—1)e "
(c)z(t)=w(l—1)
Answer:
7.1 Part(a)
j2nf
W T oy
Then
Lo, (f
w2t +2) < ;X (g) 272
Hence
1 jQﬂ-% j27 f
1 jﬂ-f 6j27rf
2\1+gnf
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This can be simplified to

7.2 Part(b)

j2nf
1+ j2nf

w(t) <
w(t—1) & X (f)e 727/
w(t—1) < X (f) >
Now Let 9" = e=2™/of ‘hence 27 fy = 1 or fo = 5, then

w (t _ 1) €—j27rf0t o X (f T fO) €j27f(f+fo)

Hence
wt—1)e’" < 727 (f + fo) eI2m(f+ /o)
1+ 527 (f + fo)
: 1
wt—1)e’" & Jom <f - 27r> 2 (f437)
1+ j2r (f + &
Jam f+ 2m
wt—1) et o j2m (2nf + 1) RICLIAS)
2+ j2r 27 f + 1)
) 42 12 . .
w(t—1)e ' & J W,fjj T cirnl i
2m + jAnc f + 27
w(t—1)e7 & _2mf AL ey
—j+2nf+1
Hence

—j 2w f+1 j
w (t - ].) (& Jt = P?CTT”[@](ZW‘IC+1)

7.3 Part(c)

j2nf
W T oy
w(=t) & X (=f)

Then

w(—t+1) e X (—f) >
_]27Tf ej27rf

w(l—t)< 1= jon]



8 Key solution

11

E L FF3 S # 3 Wi
/Cef Sofutrom -

- 7]
/0/&9.%):/0 /o?%) = 48,2648y

@) d*m=
(6)J?k=/0f03_{7%1’ﬁ) z /0/07_6%): - I 7% A8k
> Vm"-—/P—_?:— W-E) :.70.?;4;[%-

3 J8/= 20/07(7”) 17 ABmY,

| P= v, = V.ST,
ol [0 Iog (w) = 10hgs, (Y3 = 200, W10k, 0089
2 dB,= 20/!’3”(1/%) +13

2—‘1-' PuzLr i = (0.5xI5Y)™(2x8) = Soxn*w

VV - /DD =
Pb - R 2w
36 4B

_ Fr () =
o8- Ib’“.wo( P J =/ °/°#(com*> i

R )= siaandt) wos(aid) < 47 (25 ()
2 W= W OBL0)=[FSE+LrE Sr-] # [161F5) +2564]]
Aside. SHH)RT(FA) = j"’g'(y,g‘)s(;-wﬂdk = SF+HH)

- this WS) =(i4) [SE+548) +SIEH-6) ~SE-R46) - S(FI-4
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@4 3 Sy #5 fase 2

2-117.

Wit) = W) - 15 ) where
s Wilt) = wmflé,)

J_f — s WW=ISkpr (4]
TR ,

= 2 decE
g L)—» W, 6)= 4 Sdm€l2f )

SUI-UGILG = |eSihf) bshe 2/
L Jnf

(C‘:) 'N"(l‘t) «—> 31 ;Ler

3 MH=w(ath) e—> iz"’—zfrT)-e

© w(t-1) < > ﬂj”‘f*_ et
vt 2 (f+d2) SAT(Fri)
)zl wt-) «—— -,—*ﬁ—\,m‘ig)e n

() 17—‘9' «—> 203§ W)

. . _grtr
> M <—-——?\j4ﬂf[l ey F U ENER I

Wty <> We) = - J3E

3 xw=wr(-wH)) <> =B gt

1>
2-18)

s2nf
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1 Problem 2.7 Ty

Problem An average reading power meter is connected to output of transmitter. Transmitter
output is fed into 752 resistive load and the wattmeter read 67W

(a) What is power in dBm units?
(b) What is power in dBk units?
(c) What is the value in dBmV units?

1.1 part(a)
Papm = 10logq P
= 10log,, (67000)
=[48.2607) dbim
\/
(b)
dek = IOIng Pk
= 101log;, £0.067)
=[-11.393] dbk
(c)
V2
P=—
R
Hence
10log,o P = 20log,, V — 10log,q R
Hence
20 loglo V == 10 loglo P + ].0 loglo R
SO

201o0g,, V = 101log,; 67000 + 10log,, 75000
=[97.0114 dbmV
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2 Problem 2.8

Assume that a waveform with known rms value V,.,,, is applied across a 50Q2 load. Derive a formula
that can be used to computer the dbm value from Vs

P\‘"f‘é \
\ P (watt) = VL};"E—S)/—)

Hence

Py, = 1010g 1 (10° X Past)

10° x V2. (V)
R(Q)

= 10 (logyo 10°V;2,, — logyo R)

= 10 (logy 10° + logyo V;rs — logo R)

= 10(3 + 2log; Vims — logo R)

= 10log;,

Hence

| Papm = 30 + 2010g ;5 Vyms — 10log;o R|

When R = 5002, we obtain

Pagpm = 30 + 20logg Vems — 101log,, 50
= 30 + 2Qog Vrms — 16.9897
= 13.0103 %20log, Vims
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Problem 2.9

v ZoN ALSUITIC UKL 4 Wi LIl wamts o tmcn o - ooe o
) ioad. Dertve g formula that can be wsed W compute the 38 movdue fram bV,
V/ 2. Ap ampither s connectsd to g S04 fomd and driven by s aimusondal corrent saan
as shown in g P29 The ourput sesivtance of the xmphtier v 10 4) and the @y

recistance §s 2 RO Lvaluate the e decbel van of thes cireunt

s | A osidwe

{

FIGURE P29

Gain(db) = 101og,, %

vz,
= 10log,, I(f_,":%

(£)

(0.5 x 10-3) x 2000

= 10log,,

5
= 10log;, %)5-
= 10 (log,( 105 — log,, 25)
=105 -/1.39794)
= 36.021
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4 Problem 2.15

Using the convolution property find the spectrum for w (t) = sin 27 fit cos 2w fot

Solution:

F (w(t)) = F (sin2n f1t) ® F (cos 27 fat) (1)
But

Fain2nfit) = 32 (6( = F) = 8( + )
Fleos2mfot) = 3 (5(f = f2) +6(f + 1)

Hence (1) becomes

Fwo = {5 60-n-s¢+m}e{j60-mric+i)
= 5 6= ) =8+ O (= ) +3( + 1) @

Applying the distributed property of convolution, i.e. a ® (b+¢) = a ® b+ a ® ¢ on equation (2)
we obtain

45 F (w(t) =8 (f — RS (f = f2)+6 (f — f)®S (f + )-8 (f + 1)@ (f — fo) =6 (f + f1)®8 ((§)+ f2)

Now

5(f—f1)®r5(f—fz)=/5(/\—f1)6(f—(/\—fz))d/\

=5(f+f2—f1)/5(f-(/\—f2))d)\

=6(f+fa— 1) 4)
And

6(f—f1)®6(f+f2)=/5(A—f1)6(f—(A+fz))dA

oo

=5(f~fom 1) /a(f—(x—f»)cu

=6(f-fr—f) (5)
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And
5(f+f1)®6(f—f2)=/6(A+f1>6(f-u—fz>)dx
=5+ fot 1) /'a(f—u—fmcu
=0(f+ fo+ f1) (6)
And

5(f+f1)®5(f+fz)=/5(/\+f1)5(f—(/\+fz))d/\

o

—5(f~fat+ fy) /'zs(f—u—fz))d/\

=6(f-f2+f1) (7

Substitute (4,5,6,7) into (3) we obtain

F®)=500+h-f)+0(F~h-f) =0 +L+£)-0(f - fr~ )]

or

[ F®) =B+ -1 +50 - (h+f)F 60+ R+ 1) -6 - (=M ®
\V

This problem can also be solved as follows

w (t) = sin 2w fit cos 27 fot

Using sin acos 8 = 3 (sin (o — ) + sin (a + 8)), hence
w(t) = % (sin (27 f1t — 27 fot) + sin (27 fit + 27 ft))

= 2 (s (2n (fi — f2)8) +5in (21 (fi + f2)1)

1/1 1 .
— 3 (56U =i ) =8 + Ui = )+ - O =+ ) =87+ o+ 1)
1

=4—j{5(f—(f1—fz))—5(f+(f1—fz))+5(f—(f1+f2))—5(f+(f1+f2))}

=4ij{5(f+(f2—f1))+5(f—(f2+f1))—6(f+(f2+f1))_J(f._(f,z_fl:))} (9)

Compare (8) and (9) we see they are the same.
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5 Problem 2.17

> T ey ¥
/" 2-17 Find the speotrum for e wavelorm shewrn o Fig. P21

FIGURE pP2.1?

w(t) = 4 rect (2) — 2 rect (%)

By linearity of Fourier Transform

Flw®)=4xF (rect (2)) -2xF ('rect (%))
F (Tect G)) = 4sinc (4f)
F (rect (%)) = 2sinc (2f)

F (w(t)) =4 x 4sinc (4X) -/2 x 2sinc (2f)
= | 16sinc (4f) A\;4sinc (ﬂ

Or in terms of just the sin function, the above becomes

Since

and

Then (1) becomes

F(w(t) =16

sin (4n f) 4sin (2 f)

i f

2n f

_ 4sin (dnf) 2sin (2rf)

nf

4sin(4nf)—2sin(27f)

nf

mf

(1)
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6 Problem 2.18

If w (t) has the Fourier Transform W (f) = T%% find X (f) for the following waveforms
@zt)=w(2t+2)

(b)z(@t)=w(t—1)e

©at)=w(1-1)

Answer:
6.1 Part(a)
jenf
wt) & T oy
Then
w(2t) & %x (é)
w(t+2) o ix (f) 25
2 2
Hence
w2t+2) o L[ 22| g
2\ 1+ j2rf
1 ]ﬂ.f 27 f
b 2( T wf)

This can be simplified to

w(2t+2) & ,_,(—:heﬁ"f




6.2 Part(b)

jenf
1+ j2nf
-«IﬂCF’

wit-1) e XPden B w0 <> X)) e
wt-1) < X ‘

Now Let e3¢ = e=927fot hence 2nf, = 1 or f, T/%/l, then

w(t) &

w(t—1)e 2ot o X (f + fo) 2"+

Hence
- 1 - R
] ST Y-+ - W
wit—1)et e I ) zjongripy  _ ] +52) ) ejﬂ(\CﬂC)
ARG T ek
i jem (f+ L) ol L
w(t—1)e o 2= ") 2n(f+g)
T+ L)
—1)e 3 J2m@rf+1)  ensey
w(t 1)6J ¢>271--0—_7'27r(27rf__+_1)67
ity AL AT ony i
wit-le™ e 2m + j4m2f + j2n ¢
et e 2L oy
vl e 1 ¢
—
Hence
w(t—1)e "t & %ej@wf+i?7 !
6.3 Part(c)
jenf
wt) & T ong
w(—t) v&—ﬁ
,]»’K:F
Hhen w(t-1) & X ) €
wtr) e X O ¢
- IS ey T
w(l—t)& 1—j27rfe1
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