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E-E 423 Communication Systems
Homework #2 - Butterworth Lowpass Filter
September 12, 1986

We will analyze a 2nd order Butterworth LPF for which the normalized
network is given below.

Normalized 2nd order Butterworth LPF

V_(s)
a) Determine the voltage transfer function, H(s) = 9 , of the

V.(s)

i

normalized filter and draw the pole constellation.

b) Determine and plot the (i) magnitude response, (ii) phase response and
(iii) group delay. Plot magnitude in dB, phase in degrees and group
delay in seconds., Use a logarithm frequency scale of 3 decades from
0.1 rps to 100 rps. (3 cycle semi-log paper is available at the
bookstore.) |

c¢) Determine and plot the (1) unlt 1mpulse response functlon and (ii) unit

dg(t)
dt
step response and h(t) 1s the unlt 1mpulse response.

d) Find the 10% to 90% rlse-tlme, tr. How 1is t related to the 3dB

step response functidn{. Verify ‘that h(t) =

where g(t) is the unit

bandwidth? g |
—— 4
e) Frequency scale-to a cut=off frequency of u) = 27 x .10 rps and
impedance scale to R = Rl = 1K9 . Draw a new clrcu1t schematic with

the scaled component valueu | Give new scales to the: plots drawn for

part b




f)

We wish to use a 2nd order Butterworth LPF to pass a band-~limited
signal with bandwidth

B , = 1KHz
sig

(i) Determine the minimum bandwidth of the filter if we allow a

maximum variation in magnitude response of

89 |

20108 ; \TH(w) i

< 1dB

and a maximum variation in group delay of Tgmax_’%min < 50usec
(ii) For the filter bandwidth selected above, what are the variations

in magnitude response and group delay over the bandwidth of signal?

]

N °
4 . S N0 o ;2 J
_ 1o cot (1evoX +30°) B [D¢ 30
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Butterworth lowpase Fulser
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Homework #3 %.gﬂ“w@v
Transversal Filter and Sampling (-

Dr. R. A, Birgenheier
September 19, 1986

DUE SEPTEMBER 24, 1986

1. Prob. 3.10.1 in Stremler (simplify answer as much as possible).

8.1. In the system shown in Figure P8.1, two time functions x,(r) and x,(r) are multiplied
and the product w(s) is sampled by a periodic impulse train. x,(¢) is bandlimited to
@, and x,(¢) is bandlimited to w,, that is,

X(w) =0, |l > w,
Xi(w) =0, o] > w,

Determine the maximum sampling interval 7 such that w(s) is recoverabie from
w,(¢) through the use of an ideal lowpass filter.

$0

pd =% §ec=nT)

x4 (1) ———-1 ; NN
X

wit)
@ Q wp
}

X, (t) ———T

Xylw

Figure P8.1



8.2. Shown in Figure PS.2 is a system in which the sampling signal is an impulse t.rain'with
alternating sign. The Fourier transform of the input signal is as indicated in Figure
P8.2.

(a) For A < m/2w.,, sketch the Fourier transform of x,(¢) and y(2).

(b) For A < m/2w,,, determine a system which will recover x(r) from x,(z).

(¢) For A < m/2w ., determine a system which will recover x(z) from y(z).

(d) What is the maximum value of A in relation to @, for which x(r) can be recovered
from cither x,(1) or ().

B

x, (t)
x{t) % . H{w) o /(1)

X{w)
/\1
“ Wy Wy W
Hiw)
1 -
=37 oF s ar o
& A A A Figure P8.2

8.3. Shown in Figure P8.3 is a system in which the input signal is multiplied by a periodic
square wave. The period of s(¢) is 7. The input signal is bandlimited with | X(w)| =0,
(O] = Wy

x(t) (o s

wit)

il B
NESELG sEeE

)

Figure P8.3

(a) For A = T7/3 determine in terms of @, the maximum value of T for which x(1)
can be recovered from w(z). With this maximum value, determine a system to
recover x{¢) from w(¢).

(b) For A = T/4, determine in terms of ., the maximum value of T for which x(¢)
can be recovered rom wir). With this maximum value, determine a system to
recover x(r) from wir).



b,

8.6. The sampling theorem as we have derived it states that a signal x(#) must be sampled at

a rate greater than its bandwidth (or equivalently a rate greater than twice its highest
frequency). This implies that if x(¢) has a spectrum as indicated in Figure P8.6-1, then
x(t) must be sampled at a rate greater than 2c;. Since the signal has most of its energy
concentrated in a narrow band, it would seem reasonable to expect that a sampling
rate lower than twice the highest frequency could be used. A signal whose energy is
concentrated in a frequency band is often referred to as a bandpass signa!. There are a
variety of techniques for sampling such signals, and these techniques are generaity
referred to as bandpass sampling.
x{w)

i

|

Wy T Wy Wy w Figure P8.6-1

To examine the possibility of sampling a bandpass signal at a rate less than
the total bandwidth, consider the system shown in Figure P8.6-2. Assuming that
W; > (@, — @,), find the maximum value of T and the values of the constants A, @,
and @, such that x,(¢) = x(t).

p{t) = T 8{t—nT)}
/1\ x, (1)
x(t) U H{w) b X (1)
plit)
t
H(w)
1 N
A lxﬁéx
I\
v ‘;\
—wy, -, w, Wl w w

Figure P8.6-2

Derive and plot Fig., 3.22 in Stremler (carefully label the scales).
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E-FE 4.3  COMMUNICATION SYSTEMS
Homework #5 - The DF7T and Windows

Dr. R. A. Birgenheier
Octcber 3, 1986

Due October 13, 1986

Three commonly used window functions are the rectangle, Hamming and
Hanning windows. If we choose 64 sample points and 192 augmenting
zeros in computing a 256 point DFT, then the three window functions
are given as follows:

i) Rectangle

wik]

[}
[y
£y

k| < 32

x| > 32

il
o
-

ii) Hamming

wik]

0.54 + 0.46 cos(mk/32) ; |k| < 32
0 i |x| > 32

iii) Hanning

wlk] = 0.50 + 0.50 cos(mk/32) ; |k| < 32

; =0 ;x| > 32

Observe that the three functions can be written as

wik] = o + (1-a)cos(mk/32) ; lkl,i 32
= i k] > 32
where
o = 1 for rectangle

= 0.54 for Hamming

0.5 for Hanning

These windows are referréd to as "cos-on-pedestal" or "raised-cosine" functions
with parameter a.

a) Use a 256 point DFT to compute the spectrum, WD[n], of the three
windows. Plot WD[n] in dB for 0<n< folding frequency (N/2)

b) Compare the three magnitude spectra on the basis of (1) peak-to-null
widths of the mainlobes; (2) levels of the first sidelobes relative to
the level of the mainlobe and (3) the rate of decrease of the sidelobes;
i.e., how many dB do the sidelobes decrease each time n is doubled?

(dB per octave?)
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Homework #5

Page 2

c) Without further computation, answer the following questions regarding the

spectra of the window functions.

1) 1Is IW[n]] even or odd? Why?

2) 1Is W[n] real, imaginary or complex? Why?
3) What is the phase of W[n]? Why?

d) List the relative advantages and disadvantages of the three window

functions considered above.
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resisdor . Q) Calcuwlate the torel energy oﬁxs:stpaxecﬁ M the vesiskor

b) What {raction oF sthie enengy i Ahe ﬁe@ Yerge o 1o A pe

Solution: o) 5(&)2 IOAQ,EI“
Flw)= 20 /¢1+ w?)
| | o2 2
En= 5 * o7 jakel £

= 57 o POy dlw

6o
= [y + & Aon" ] . 417 waswt A“‘/""{
= ;_40?30: 2. jBuiES
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b Ef = AR (gt + et |}
a4
40 [+ 7] = 08183 joules

Ey B, X% = 4092 %

@) Determine #he powser sraectvol erhgdy oF ff* )

b)Y Sketch Sj:(w)

) Coallowlote 4he meon chemge) pever Loth v the tivwe Lomain

amdl W Ahe §reguency. domain , that ie oQ/E&SanG,‘k"eok @U fer) omoss e
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Selutions a) §£>= 4ocos 20t + 2 cos zowk

oottt o + S 30 i p—
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e

Hewy= 1B
RiR2C v — ) (RvR2)

R 2z
RZ-R2C00 + (R +R, )

[He) |* =

36 x10°
I 105610 X 5EX 10 P + 92 x (0 ©

= 36 =4 1 1
0.8 co* + g| q I+ (olw)*

|
8% L) = SS,M)‘{'HCN)P: % p Qj((",)' 1+ (o fw)y*

Q) Sped= Sgouvee (W= 1075 WA,

=]

el it
Pen = )0

T T L diouss =
gﬁ(w)caw‘W‘FVS_leH(on)" R s, =5 S D
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=sse dl T+L] = 1179 aw

Dear Our &ee=t Grader:

=

I have a guestion in problem 4,2.4, According to the results

£ 1
{

abovelhe mean power aross the 64ohm resistor is finity and even

is very small. But the input mean power is infinity ( we can find

-2
the input mean power in the following way, with Ssource(w)=10""W/H

P in =) Ssource(w)- du = —%—?%z~§_:dw =le W fhf'.“é?“"'[ /.z'

Now, we regard this problem as a circuit ons. According to|{the °

Govs to 2ors
circuit theorem, The mean-power of source squels to the sum of
the mean-powers which absorbed by the elements in the circuit,

The capacitor doesn't consume any average-power. 5So,where is the 1

N
~

kil 2.

é;a;“év

a7
eft

power gone? T/fléf ;ﬁd‘f{u, Buest:



é/xM

Homework #7 Signal-to-'lcise Ratio and Autocorrelation

E-E 423 COMMUNICATION SYSTEMS

i

Dr. R., A. Birgenheier ‘ Occober 17, 1942

Due October 22, 1986 Beonme: ff*%»v’ Gt 2t. 1986

1. (4,3.2 in Stremler)

2. Consider a periodic waveform, f(t), for which the pulse
~-at A n
£p(8) = e ult) = u(e-T)] :
is repeated every 2T seconds
£(t)
o @ @ iK 1; - | ' @ o
H £ 1 1
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(a) Find (and sketch for a=1, T=z1) the autocorrelation furnct.on, R.(1).

(Observe that R.{v. is pericaic)

(b) #ind the Fourier transform of Rf(T) to obtain the power-spectral-dens’ cy,
S~-(w). (Hint: First find the Fourier series of Rf(T) ar then obtain

tne Fourier transform of the Fourier series.)

(c) Find the Fourier series of f{t) to obtain the power-spectral censity from

the relationship

Sf@u) = Qﬂ“h IIEAI
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Check the results of (b) and (c); if they do not agree, find your

error.,)
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(d) Plot Sf(w) for |w| < Swo with a=T=1,

(e) Find the inverse Fourier transform of the expression for Sf(w) given in
{¢). This provides an expression for Rf(T) in terms of the Fourier

coefficients of the periodic function.

(f) Repeat part (a) using the expression for Rf(T) derived in part (e) ,

3. A white noise source with two-siced power-spectral density
S .(w) = nWatts/Hz
ni
is connected to a low-pass RC filiter with transfer function

1

Blw) = 7»;— jCURE*‘

rﬁ(t) ﬂo(t)
MR | S

(a) Determine the autocorrelation functions of the noise at the input and

output of the filter in terms of R, C and n,
(b) Determine the power-spectral density, Sno(w), of the output ncise,
(c) Determine the average power (mean-squared value) of the output noise,

4, (4,5.3 in Stemler)

A sinusoidal signal is transmitted, On reception, the signal plus additive

noise is present.

4_(?



Receiver

s (t)
Eﬁ—~——%(:>-——§x(i}

received signal

Tn(t) (»dditive noise)

The composite signal at the receiver is

x(t) = 3(t) + n(t)
with autocorrelation function

RX(T) " RS(T) + Rn(T>

where

RS(T) = a cos Wol (signal)
and
R (1) = b exp(-c|t|) (noise)
(a) Directly from RS(T) and Rr(r}, determine the mean-square signal-to-nci-e

ratio (SNR) of x(t).

(b) Determine (and sketch on the same graph) the power-spectral densitie: of

the signal and noise, Ss(w) and Sn(w).

(c) Integrate the spectra found in (b) to obtain the SNR of x{t) and,
thereby, verify the results of part (a).
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A Je2co+ 5200 T JSe+ R

AN =1 L, | g
LET O\:'eogisuc)] . b=Sin (s)
QY= tan! B = tan! ffz‘“/fl(t)]
S =[S0+ R [ ens 60 conwuct + 26t SIS |

= J e ey 08 (wet — o))

=/ f+ Fixo oS fwet + tan' T-K@> /5,00 §

IF fier=cosg | g k> = S 6
P E) = @Sk - COSO + St sTb

= cos (Wek — 0 )
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Drill Pyeblem 5105

o) Lmk‘mg at  the Frg 5,12 (b) On Paﬂe 219 . We HAVE
O~1% KHzz [+R N LF + LR +RFE +RR

223-53 kHz = L-R LF + IR — RF—RR

”

FROM GIVEN LF = LR — RF +RR
REMAINED = LF —IR +RF —RR
b) [Lpr & | LE+LR+OFTRR
B= l?k@
5 LPE & L?+LR~RT-»R£/\>\_
T @>IC(KHL \
————

| e
‘, -q0° v @ }A Lpr g | LF-LR=RFHRR

B=19kH,

008 (et X2 }‘ [ /J\ ‘ LF-LR+RF—RR
R , ] O 1PFE B o
! : B=1qKH:
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narronAacL

Kol 12

5.2.4.

10IKH3.
T o LpF |
TN E IVCO [* :
Osc. > D [I<H | (\ YI0N (KH f *
100 KH= /‘ : 0N KH< A / "

loKH> TN | <>;<>—*EPE—’ OUTPUT

qﬁ{ Fef o
— R
, | ¥ N2k (100 ~N>) KH,
—L:EJ‘(—F— [reof—  Co—{Ierl—
: R <
Nz KH, ;eoKHf i
100 —Ne — (0N TF [00-N= = I0W
Jcout = g
‘ loN: =100 + N2 TF ho-N=2gloWN, = Ni=10

( RBecause

160 — N+ + 10N =100 + (loNt = N2) > 160 KHz 1SN, N2 =10 )

&) Ni=4 . Nz =2
fout =100 - 2 —10 x4 = 58 KH2
b) fminimwm = 0 KH: (N = ? , N== 10 )
§ max = 89 KHz (M=1 L, N2=1 )
100V [~ 4
() -
TR [
SOVTiL | |
[ |
[ H
L |
oV f{
50| %
~160V =
o0 ~
@) om= =80 - 3333 = 33.33 %
b) dxd>= A (1+ mooscomk )eos(,ott:r(s.oz (+0.3333 coceomA ) oS we X
F(W)H = 75027 [ Glw-we)+ §(w+wWed [+ 12.5% [§w— wom wm)t Bw=We+wnd
+ SlWLWe —Wn+ § (Wt wet W) ]
5,027 Bo 5.0z Y
1267 ,I\ 12877 1251 T S
/I\ T T w CWDC/S)
“We=Wm = W ~ e F I o We-Wm  we WetWm
) Ps/Pc=m¥Yz2 = 00556 = 556 % %3
OL) mA =25 y A::z‘;/W\z 25—/10"/0:250 Vv o Aaag,e ::2{-0_7(.: ,75‘/,-
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nAartronAaL

-2

5\2 ‘?v

.|
=g w i
-+ [}
mt@ e, R
T2y @ t)
Y
Acoscom

st () T j R

@)

Ch)

S

% Cotr= f Coscoet + B,eosOmt + @sosszcoct + %oreeswe;tegswmt-\u &&eeaawm;t

I~
1
€)= osSWeckt + A comcomXk

Co (%) =—CoSWek + A oS O T

Lit)= Q)+ AP h) = ByoSWek + AWACOS Wm & + (e 027wt + 20, ABSwetostWnd + As A0yt

La(A)= @y Cpth)+ (s €2k >= —A, costWet+ Ay ACoston b+ Rz Costuet — 2a5 A cosw cteosant + i A%eoseiu k™

Lo)= (Li— Tv) R = 20ReSWct + 40 ,RES e9ct cos comkt

40 AR 2azA

m = TR = O s
Qu
A s 202 A max A S2a,

IF ON& OF THe Diobes [s OPSN—CIRCUITED

k4

= &. escek +haocorwomk + ka/p + kel cos 200k +£¢ ©% [(wet dm)t ] +5

S

z t 2 0SS 2wm#t

ECCG Cogs Nm)ﬂ

/
= /fQo + &.’eeswmf-‘- &;/cagzwmft + '?z: oS Wek +{%Qeos(mc+wm)t+ ﬁ; oS (e — (o) £

+ -g&/cxs 2w X

/Q,mx =(2Wt‘2wm)};’2'n’ =1(fc~§m)
Boin = WetWm —WetWm = zw.@z\z =zfm
o/
R T
Fesg ~ T=3%

b Ty Bl / fo ki B
Rl &{q}« 2V e ﬁ: w &i‘fr ko ’ v L T
feh e |

e —We W W W s, W W W 20 We-tom We Wetom 200

Vi
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/fwn»éé/sig the XER «

TR PIODE A, B, C.D. WE HAVE Tha souavelsNT CireyuITs RELOW -

FOR D1ODe A . R B’ \
] ) Lv; .;(t)
- T
€,  coswel 3 e, | _
AL R Vo df sk RL§ VQ
{( ) L A ) .
FOR ‘¢’ . FOR 'D el
—= & =] i
gy Rk \ . By TS l‘
IESY RS Ve 0SBt K’; Ve
- :

L) = Qo +0€ (k) + Rz €1(L)

2
L2(8) = Qe + O y(k) + Oy € (D)
)= 0o+ QuPs(ry + Qu @ (L)

la(X) = 0o + Qs Patk) + Q2 €7 (%)

5= FA +coset — Vo
€alk)= coxowe & -ftVe

€sr) = — fo—eoswWek -V,

Cathy = F& —cogvek + Vo

L= Qo+ A+ Qicoltoet — @1 Vo T Aa f200) + 02 8900k +0z Vo't 202 fitaeosmwct~202 Vo0 -2
Lat) = Qo ~ O §Y+ Qi coswet + a, Vo + ouglot) +Ar o k +a, Vo T 2 feb)eosuct —2a: W (£)H

LaB)= Qo = Qi fot) — Qi Coswet — qi Vo F TafP) + ooo®Wet +@x (7 + 202 £Romsuek+ 20 Vo[t

Ulatt) = @ ot @ fots QL costuet FQiVo T Qaf70t) + Qo087 Wet + a2V —2a, §ot)cestoct +20z)ofttr-3

Vo =Cihn—tz+is—ta)Re
= fzg,-§f*) —zaiVo + 4R §h)ces00ek = 4 A2 Vp @Stk — 20§ &) —20:Vo +4a.§)eoswek + 405
=(= 40, Vo + 802§ oswe £

T

Vo (W)

AT 80 L+ 400

- fyesscoet Ry Al AR

b &t i ) 2 /F L |
AN I g o

-We

0, Vo coSic
PO Vo Cosinict
P Veeo SW ik

3 Voeostod

/o eosWe ij
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Communication Systems ( EE423 )

Homework #11
Benmei Chen Nov. 18,1986

Chapfer 53 541.2(3 B.1.6 3 5.1.7
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5.1.2. The m&&iﬁy symf f‘(se)-':Zoes ot + cos goord is af/ol?ea( as the 5779,,4,1‘ #o
a aéf’tcé@—s’r‘ofeém?a( sn%ressea{ - caarrier moaéc%r o//vmﬁaf @t a carriert
ﬁ@ﬁu%cy 7[ 1Kz . Shetok Hhe s/aec-fxaf oé;@)l&’l‘? 7[ fFee> and the vﬂesuﬁ—y‘n;

DSB - sSC Wawe/@-rm, n:{emf-ﬂn? Sthe cpper ol Lok silebondle

SOLUTION = f(t) = o6ss (ooTE + cos qeaTi

§ = 1kHz= 1000 Hy = We=2Tf=z000m mdA

ENE D) =§'(‘t) cot (2oeoTr i )
= (zms\eorrx + eas%OTTJt) cos zoooTE
= >coc loeTd cos ZoeOTTk 4+ coe deoTh eos 2 oo Tr A

= cos 1?omrt + cos 2l100TH + -;— coes oo T + - oos zdeomrit

Fw)

L[

~2000TT — toooTr (0] 1coo Ty 26071 o C\rw%

| E ()

Lows culcbard ] ofPe" sidebard
A

| i

i ,_‘l.._./\_‘\ | oty
i

| {

| t

reom } — S oo 1 WIZLOE !
rZAL&/ e 'KH’Z

50.6. When the nyauf a‘of;m wudlo mn/j&ﬁek re (4@ Scoart + 0SS zoeowt ) mV

v

Ahe  measirool /[’”)‘ﬁ“e’""é‘ earryoc?nenf ot 1 kite 50 e Qa?wd,” is 1V and the
ﬁ'@gcc%ef @n?ow:&nf @t boo Hz e ] ml . Q&/ﬁm&&n}f Hle M7)£f?€4(

azu:@;/u:,f-»— Tn/w/of clovacterictie /%g, Lo = A€,; +C(z€5 andl cveluwate sthe

nwmerical values of @i, & f)—am sthe St f[(/en/.

Te sobition N f[verz, @ et Jope
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SORUTION TO 54.6% Ler €i1= 4cok seowd + cos zeoo R wl= (4eosgeomk +ooszecord) /i v

69

—-(E% (4-ces oottt +cek zeeorit) + @5 (4-cos Soonk +ces oot Sz

Oo= Qe +0207 =

= &t

{2)

=1 3 (4cos geoTrh + con 2000 TR ) + Az ( [6eo® sooTd + R0 Boomioss zoootrt + COSZ 2 sdorrt %o“

0

:%(4003@90 Tk +cos2ecoth ) +0, ( Boos |60OTTE + 8 + Aoot 28venk +qesiCoont + 3 esdcoort]

p

L COS ZecOTTR A+ 3% R jzooTk + [4«.@0@ Bootrd + §A~ 008 1600t +4.0,c08 2860 L + 0l GoRqeson i+

9

3l

.. Cui=|DOO (at %he f«eguﬁnccé, SF | kHz = 20sem yadk/g )

) K2=2K0 (ak Ahe W»\\M&Ld oF Goo Hy = [zoow vad g ) l/

5~/-7. In she balanced moddulator shown m 7-’.? 'P-s.l.[, Py (2= eos (e X + ) anol Portr=Acoscuct .
Show sthat the owf/aut uo&‘aye cordains a Feym /impor}f’banwg Ao cos6 . Aescwme #hat Lhe
Aeodle cloracteristics ore f,zece-/w«‘s‘e inear’ [ thot ta, 1= €&/ vol Sev etxr>0 3
EI=0 fv*‘ ety <0 | ond  that A 4
1 .
1% | % i
) b R

o)

:

‘V

7y
o/

AA
VWAV

¥
ey
N
Ko ) et £ ——

N

Selution SR =4, Ry + P, (k)= oos(wcﬁ: +8)+ AcoR Wek = (A+008f)®0SWek — Qg 8mdet

O ()= Gty $itk) = Aeos ot — cos (wek + O )= (A-0038) C8WeE + Simg SmWek

éecw_se A>1

t A
R Ealond e Y fsy PS e & Aceswet >0

Lxy= € (x)/fl"o['!-R)
0 Acsswet <0

E%caswct -ﬁ;oeScht-ee) Aeofedet Sp

Lal) = e‘(‘k")/{{ohk?
o A cotw, g <o

eog (wWek +©) W(coswet)

= ~ _ 2R
Oo () -—LUUQ) = L (i)]R——‘ﬁ;‘Y‘A

g Yo®

850, ,
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/)/@»-m&c = efa/,fer &

ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

ey
AN
NATIONAL

B‘\L"(‘ CCONT. ) U Ctosode £)
1
-sw -3 o I 2w 3T o
e e "‘%“; %c Ce e e Coe

K Cestoct)= 3 P, et

Ghm= Ry 2/ LD = wese

We e x

s —Inwe

Po= s e TN g
-1
Ce

| e InwWesfs &
oo - e/
Sz j‘_ s L Grwess £)
‘ ( _Snwt/lt ‘rr//o)c )
1 :)thr .
- jz'nTr ( )
| n
= nTm S;Y\( 2 )
0 n= =24 . b=, 2z, -1, =2, s
— i
Pn S n=4ak+1
N n=ek+3
= n= 0

S. Weswed) =3 + F-essowet — 2 cos Jaek + o

Lo(t)= =R ms(wekxtg)‘('% T ow coseek — F et w4 L)

R+ v
S . AR -~
= v s (w t+o) + e cofwek +o)coswel +

2R
= TRIVD [OD3Q + cos (2w et +0)] + ~oo

zR

= g8 + M&—(%'SScht'+e)“"m)

N R+ Ya) R~y

USING A LPF ® B=+We/oqr =We/gqr , WS GET

ZR
€)= —Frrva) SN

o] (zlek m)—m o

R

ek £8 ) cos vt

B s g

&2
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+3V
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2V
i

i
v

(¢ Al

Ead BN

b

THE ENVELOPE DETECTOR

L £ P
Ve O = Vo) €7 7R vt [ i+ (eFe) 4 ] = Vo> [ 1= 2

LT =0, Vet)=3y . .. ‘3/RC;~(;’“">/O,'§'2 o

RC = 3q = 0.75- ‘/

53.2 }lj.{w) K(w) lf;(un -~
ECN 3KH, KN,
Q)

Frln Fotw)

}

3KHy Tk

B= (6+1)xizx2 =168 KH> \/

b)

L FIANT TN

B= (3+1)xizx2 <= 26 KH 2
%

o8
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5.4.2

[ 7] SRS

I“FS T’T‘V’ f\/ §x
izt 45,50 83.25MH:  BTT5MHz
Q) fo = 45.75 +83.25 = 41.25 + 9’{~‘75 =129 MHz 1/

b) IF ONLY HAVE VIDEO CARRIER | WE HAVE'TWD LOCAL OSCILLATOR FREQ. §,,=1uqmiz, §o,m 34 MH.
TE ONLY HAVE SOUND CARRIER |, WE HAVE TWO LOoAL SCILLATOR FREG . fo/l"’?hﬂz ,f.’;—%.sml
SO =129 MHe ¢ _
0, §=i37 MHx s THE oNty cHoice . Y
) Fuacey 12+ €3.25 = 21225 MHe

21675 M /0/

ANSWER  UMF  CHANNEL T - M

{f

§iveeE 2= 129 - ?":{‘7?

5¢ .4 .

[
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54.6

SORUTION & -S:(i):wswm’t ) ?(t)= QS (Wmt ~§g%~o ) = St (Wt — & )
UNDESIRED:  $saz (1) = fttrsswet T §ot)stncact

= eos WwmK essWet T gt (wnk — 8) gt toe

=3 o8 Cwe +Ww) & 4 -5 00s (e~ Wm) b X L 008 (We= Wi +00)E T3 cox|wetwm - )

=4 sos(Wet Wk + LS (e - it
;%w&(wg—wm)ﬁagx F ot (wWe =t e snsd

; ‘%: @Q(Wu %Wm)k QOR, ¢ t -% QLV\(WQ" tuv‘wf\ )'it: Q:«w«o&

meptnde o5 doweod gt et siin_JE gl
Magnitude of wmdesined pwtpat T (1 CosSO st T Jhess
-]
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F

JHE)!
2

<O

a)

b)

»BR-LC , §c=lOKHz , m={

vl R

W3 n s 4 15

§0 = eos cwvomr)
¢(£)¢{A"‘ f!t,)]' o3 (zeoooqu)

= ees (2eop0 WA ) + con Q1000 JEOS (2eee 0T )

Blwy = W[ §W=2eee0N) + lurtEheson) | +T}/{f §w + 21000 )+ §(W H9o0on] +6{w 15 covr) 4 §(w
EI0% g Heuy = T {BLW-20060T) + § (w+2eo§01r)]+ T x2 (5w 2000my§ (- 21000m) ]+ T x4 T Qw604

Po k) = coszeecont |+ —f;em:. (21000 Tk -‘Z col “? coork )

¥
v
e 2
& g
i = g
| [ ' 1, 0 |
G g
)t(t) = €08 2600 T
Dotk ) = eos 2oe00frt + vos meec Tl
qr ki o ar

e

Okt

Faivost) |

Stw-rgoon)]

fiy
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Sntw) = 1077 (1- -:2:-%;(5“-;*) lw] <2wx 10’
wW/H=
0 eleswhere
Nk ) = Nelh)eostok — N3 (k)i k ;  Wo=2mwxSMHa = TX10® vpe
508
5.0 2106 i

e e o Eat = Wk = - 5 1 T A
NEky = Ny &) 5 T 4._6?;121,-)([06 0 (| Z‘rrx\ov') olw

50 xrnein®

=7 A 6 .-l 2 |
= X 0 IX2WRI0% L P, |
10 w ' ' o e = W }+\?¢;'xurx:05

=o.0’!‘w \/ | [7

NnEd = Jnde) =J R = 01 Vo ows

oy *\ ﬂlw W//T\ o DSk —8C

]

@) Np=+x10"3x10"¢x 3x2rx10% x2 =12 UW = o.012 mW
Ne=XI0" X0 ¢ x 3xom xi)® = cuW= c.c0é mW
FR DOB-SC ¢ S/N= /0.0 =9333,
FBR MR-$C : S/N = 'Yo.eog = 166.67 J
b) FOR MWB-SC = S%/N“: 2 By = 1c6.67
FoR ssp-sc @ ‘g‘b/ua = S/y = 166.67"/

c) frft: (Muy = 10%H, f/

©* QL/1§1) = 107> uw/He

THE AVGWER : YES | e
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% f > § T
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1

g
<
=1
£

v <= +U+ 'h =55

| [osesxam
U='n‘f w ¢ dw = g.02 w \/

7]

S/N = 55/0.02 = 275‘= 24.39 48 by

Il
o= __t:r_,xm‘c X160 = © 0003183}
«F
S/N=7853.9¢ = 3@.75'0“5 X. o
(75 |
) 9/N= ‘i“/o@eo;ng;g = 35 92 =ad g7dB y 7

- Ta= nixig® “k
58.2 LElowW

SR v, o

Te= (F-DTe= 264517k
N=k (ot Te) By = 13gx o™ ™ (11000 +864. 5 IX3%I07= 42 1x107"6w
Y= Nx(S/N)= %mxxo"“ X 10 =4 3x10""% w

™ = 37 +20k8q , to+ zeﬁogof =57+ 20 Log o =100 /a.91x6"'F = zaa-xw”:’-.-xe{o?

d= 201546 .24 mileg .
" 7
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