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If the Fourier transform of £(t) is F(w) = T 3G
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E E 423 COMMUNICATION SYSTEMS

1 Hr. Exam.
October 5, 1986
Dr. R.A. Birgenheier

Closed Book - One Sheet of notes

20 points each

1. Clearly and concisely answer the following questions.
(a) What are the requirements for distortionless transmission?

(b) For a practical low-pass filter of 3-rd order or greater, approximately
what is the relationship between the 107 to 907 rise-time and the -3 dB
bandwidth of the filter?

(c) What are the consequences of observing a function through a finite
rectangular window when computing a Fourier transform?

(d) Why are tapered window functions used? What is the penalty for using a
tapered window?

2. Suppose we wish to sample a band-limited signal, x(t), for which

|X@)| =0 for |W] > &

x(t) xs(t)
5S¢ - n)

(a) What is the minimum sampling frequency that can be used if we wish to
reconstruct x(t) from xs(t) without distortion?

(b) How do we reconstruct x(t) from xs(t)?

3. Consider a filter for which the unit-step response is
g(t) = [1 - e Tu(t)

Determine (a) the unit-impulse response function, h(t), (b) the transfer
function, H(s), (c) the frequency response function, H(j®), and (d) the
-3 dB bandwidth.
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(a) Determine the Fourier transform, X_(W), of the sampled signal.
S ’ amp
Sketch [X W)| for || < 21.
(b) Can the original spectrum, X(&), be recovered from Xséd)? Why?
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For N = 16 and T=1 sec. obtain a mathematical expression for the magnitude
of the DFT, |FD[n]|. (Simplify to the ratio of single terms !)
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E-E #23 COMMUNICATION SYSTEMS ~
One Hour Examination

R. A. Birgenheier

November 12, 1986

0%
)

One Sheet of Notes

25 pts each

1. A periodic signal has Fourier series

f(t) = & ?E%ZISE exp[~j—£22£i)ﬂt]

I1==00

a) Determine the power spectral density, Sf(w),

b) Determine the autocorrelation function, Rf(T).

g
/é)g%/;; Iy e

2.
+
L & v (£ T=290°K
a) Determine an expression for the power spectral density of VR(t).
b) For R =z 1KQ and L = 1mH, find the RMS value of vR(t).
3. Receiver
" input Receiver
nt. output
Pre-ampe. Post-amp.
& ‘Attenuator
/ a=8dB
g I F,=12dB =
G_.=15dB G _=80dB
| bl p3
T = 1000°K =~
o Bn = 10MHz

Determine the signal level necessary at the receiver input for an SNR

of 40 dB at the receiver output,



s(t) + n(t)

Y(t) =
where s(t) = 2 cos 103t is the signal
and n(t) is band limited white noise with power spectral density
shown,
Sn(w)
10—12
-»104 0 104 w >

a) If s(t) and n(t) are uncorrelated, determine the autocorrelation
function of y(t).

b) Determine the signal-to-noise power ratio (express in dB).
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E-E 423 COMMUNICATION SYSTEMS
One Hour Examination _ 7 7)
R. A. Birgenheier ﬂéifii;jﬁé{,y e
November 20, 1986 e

One Sheet of Notes

25 pts each
1. A periodic signal has Fourier series

(2n-1)

4 s
f(t) = zig:ijﬁ eXp[—J—~——Z—~ﬂt]

I ™8

a) Determine the power spectral density, Sf(w).

b) Determine the autocorrelation function, Rf(T).

i(t) -

T=290°K

[

a) Determine an expression for the power spectral density of i(t).

b) For R = 1KQ and L = 1mH, find the RMS value of i(t)

3. Receiver '
. input Receiver
Ant. output
Pre—amp. Post—amp.
ol I\\\\& -4 Attenuator
L//// a=8dB
P, =4dB F_=12dB =
=15dB G_,=80dB '
L e! "p3 J
T = 1000°R—— ~—
Bn = 10MHz

Determine the signal level necessary at the receiver input for an SNR
of 40 dB at the receiver output.
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y(t) = s(t) + n(t)

where s(t) = 2 cos 1O3t is the signal
and n(t) is band limited white noise with power spectral density
shown,

S (w)

8}
1078
~104 0 lO4 w >

a) If s(t) and n(t) are uncorrelated, determine the autocorrelation
function of y(t).

b) Determine the signal-to-noise power ratio (express in dB).
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: E-E 423 Communication Systems (?%Z -
' One hour Examination L=

' Dr. R.A. Birgenheier OO
December 12, 19''6 /-

One Sheet of Notes

25 points each

ls
¢1(t> =0.1cos(100t) volts
¢2(t) =1.0cos(1000t) volts
il(t) =5e] mA
3 = 2
12(t) = 5ej mA

Determine the output voltage, v_(t)
2. The output voltage of a modulator is given as

s -
p(t) =2.0cos@, + W dt+ 0.2sin(_ + W )t

+ .OZc:os(l..o)C —wm)t + .16sin( LOC - wm)t

Determine the ratio of the magnitude of the lower sideband to the
magnitude of the upper sideband. (Express in dB to 4 significant figures)

3.  The following AM voltage is developed across a 73 ohm resistor:
p(t) =[100 + 9Ocos(3x104t)]cos(107t) volts'

Determine (a) modulation index, (b) total average power, (c) percentage
of power in sidebands, (d) peak value of envelope.

/9-63/ il ‘:%‘
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ho +ar) @ @

H (a)) g3

|H(w) |

2.0cos(1:1x10°¢)
e | 100 B2

¢(t)= 1.Ocos(104t)cos(105t)
n(t) =n (t)cos(1.1x10°t) - n_(t)sin(1.1x10t)
S0 () =S (w)

10~ %/Hz

—Z <— 1 KHz

o
(a) Determine time domain expressions for the signal at points <:> and (:)
(input and output of the LPF)

(b) Determine a time domain expression for the noise at point (:) .
(c) Determine the SNR at point (:) -




Notes For Exam.3 == Communication

1. AM - DSB-LC: Pt=3AZ, LF(t)*f(t) = Pc + Ps
. p=m*m/(2+m*m)=Ps/Pt

9. -558¢ Hilbert Transform:

j-jF(w) w>0
Flw)= r L == jF(w) sgn(w)
booF(w) w<0
AN
If f(t)=coswyt, then f(t)=sinupmt

<§$B_¥ = f(t)cosuwet + ?(t)sinwct

3. n(t)= nc(t)coswct-ns(t)sinwct

4, Noise: DsB-SC  (So/No)=2(Si/Ni)
558-5C  (So/No)=(Si/Ni)
DSB-LC: Synhronous and Envelope Detector
(Se/No)= ——2—E_ (S /N )

A%+ 25>

5. NE) =N Lo8wek — Mg S™ e (W)

i i
$cos (wa k)
Sweey (@) = [ Sutw-wa) + §,c+ wa)] -
___er_fghw\wq)_g-g\ W+ wa) | f=1

Z
= & ‘:SHCN*'WQ.)‘F gn(W""\»\)m)J
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7 2 4?22 2 2 A O ]
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&2 3
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F (1) =100 +90 w02 (3Xx10%4)] e0s (107 2)

= 100 COS ({0 &) + 0.9 X 100 eos (3x10%4 ) CoS (107 £)
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= [+ xw00%+ 4 x902] /73

= q€\232? W /

©)  ph=mSz4my = 0697/ (2+092) = D2BEI X007 =28.83 3 e

) Peotfz valus eoF —QIWQ«Q@PQ= ‘OO"‘?O: 190V /

(@  Prt)=1.000s (0% %) eos ((0°%)

P 2= 1.0 @S (10%%) coS05L) X 2.0 e (1. 1x(0% %) ©

= (.0 cos (0¥ t) fc@% (2-1X10% %) + eo (!D“‘fc)j
= .0 S (0t £) CoS(2+ 1105 £) + 1.0 coS U #)
(%

= 0.5 00S (2.2X105% ) + 05688 (2.0X10%¢ ) + 0.5+ 0.5 (2x(0F %)

Po (£)= P ) ‘ LV
= O ( Becanse zXI10% yad/g = 3.8KH> > (OOHZ)

A
) N EY=NE) X 2.0ess (1.x1081)
= [Net)eos UL IXIOSE) = Nelk) 0w (1.1 x 105 £)T X 2.0 eos{intx (08 £
= Nex) 2 o2 (LIXIOS£) —Nark )~ 2 23 Chix ot )coS U X105t )

= Nc(t) (14 €08 (2.2XI0%%) ) — Nelk) S™ (2:2x105% ) bt

f~27’
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ey S W) = Sns (W)

(0" W/ H=

P ] L

Sp(e)= = Suc (W =1LIXI0O05) + % SncCw+ixip®)

Amo'f‘d@t‘mj ’@o A‘ZAMP azoé@s:

gnq) g) (W)= Sn ‘(_N—l\\X(DE)‘{‘ S, (w+ l\lwog)

g‘r\m(t)(\d) lLP = Sne(W) = Shgw

S0, Ne = loox 107° =10"% W

Su:@w Jh‘/

SNR @ =05 / o~% = 5000 = 37 dr
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E-E 423 COMMUNICATION SYSTEMS /‘@/”f;
Final Examination ' *ZL,,)Q* j§w¢m5£ Chlen

Dr. R. A. Birgenheier
December 17, 1986

Closed Book - Sheet of Notes
Points

30 1. Consider a filter with unit impulse response function given as

h(t)
5 -

‘—\_/ 5(1-t)

-1 . 1 £

Determine (a) unit step response, (b) 10% to 90% rise-time.

30 2.
£(t) g(t)
£ 8 (t=kT)
k=w—own W >
a) For T = %- sec., determine and sketch the Fourier transform,
G(w).
b) What is the maximum value of T to avoid aliasing?
30 3. /\/l\K/Qi
(noiseless)

T e =
. (:i:) WF ____ &, = s, (t)+n, (€)
l = -

ei = si(t) + ni(t)

si(t) is the input signal voltage given as
si(t) = 2co0s(1000t) volts
and n,(t) is the input noise withn two-sided power spectral density
s, ;@) = 107° W/Hz |
2, 2

Determine (a) 3, (¢) , (b) n, ¢y , () SNRO




30 4. g(t)=f1(t)cos(100 Tt) + fz(t)sin(1OOWt)

Sgy (W) = 54, ()

=-10m 10w w>
Determine and sketch (a) autocorrelation function, Rg(r), (b) Power

spectral density, sg(d).
0 5 30

L.

Detector
c and p—>

AMP. output

The first local oscillator of the dual-conversion receiver is
adjusted to receive a signal at 148MHz.

a) Give two possible values for f, and fd.

0

b) Select the lower value of fo and the higher value of fd
determined in part (a). Determine all possible image
frequencies. (Do not assume ideal RF and IF filters; i.e.,

assume the images can pass through the amplifiers.)

30 6. o
= =54
O 5dB Gy 5dB
e P DSB-SC L5 output
——-49-,PSB;SC Receiver uep
A Xmitter
. =7dB
(noiseless) = 100 mi
= 160.9%m

Carrier frequency: 2.0 GHz

Input (baseband) signal bandwidth: SKHz

a) Determine the equivalent noise level at the receiver input
(Bn = 10KHz). .

b) Determine the path loss, o,

c) Determine the power transmitted, P to obtain an output SNR

T’
of 40dB. /32

20 7., MERRY CHRISTMAS!!!!
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TS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

e
~
NATIONAL

. FILTER s 5) ()
1 CEEes | D g

Juo=§o) ® At = ii:fm x bt~y

£
RR TRANSVERSAR FILTER = G0 = [ ft-Dhmrdt 5  Glwr=TFwrHw)
FOR DISTORTIONVESS FIKTER 06 = K £ (b=%o) | Hlw)= e iwe

SPECIAL CASE = %(u:/ﬂuc) WHEN  §)=8(t) 5 =30 waen £ =u)
ket )= »‘%’}é&)‘- 5 S(k~ko)=—;é€lk(t—tc) £ ﬂt)S(t—h):thn)g(tu%o)

(w
ORDER »2 LPE = vrise-time fy = VZB s LRt —.»—-*ah—'—éu;)) § "r& ':"ao%;lﬂi‘”l

. SAMPILI 3 o Ap (L) \ ()
2. SAMPLING KB o p - i
Thes

THEOREM: A yezl—valiecd bamol — Lomited s:}wof —&wny %0 s/wecf'mé cv)r?wnen-‘i‘s abore a j@reg.
O]C R Hz js Je{*ermcneaé’ wmfue% »6} ite veluss at wmfrrm mtervals §/aa,<*ea€

%O?reafe{r‘ Ahon ’/2,(& sec‘.a.')om;tb TS"‘?_E P W= 213

_ 2= Jnwet . . V2 ~jnwed e SEIVE
pao=2Z P e 5 Pa .,.f_% Poye ol , rose =
FOR  pery= gwg(t~nr) Po=t . po= Y?:j;w:r_\:‘esviu.box ‘

ROW)
w
W, Wz Wz-w:["’f
S — A2 m.
3. DFT s Fral= ) sTR1ed® TR N

n g

Nt 5 &
IDRT  $TRI= W g Facny e’V k=01, -« N—

PFT = NXN=N? complex mudskipliagtions:  FFT s %%ZN complex: pubkipliazrions |

4. Signal amd noiee Fhvough o T imeor syskem
[i] = U

S WWW————0 e e iR

R
§R = O Tm = 4kTRE > O Tw=4T6e {G=p%

-

' i
WA Emmam— - P
R Linecr : é ; Wieol | 1 tZeay
Svitw) Qysfem Ve (t) 136 i ; Zw) | Gutwr=2kTRw
' ;. ea -
= 2kTR e Snen Bt [ s
e SN b :lkTG{ L
Hw) HCw)
-1l 2;
BN*EnLL&m [weon| Dﬁ‘“l/)mwwll , By =B —3da . h=1.39x 0723
5. Autoesvelafion functions cmdl POwER %pecbué o(en&i%,,
= P . ERe)® oo Srwe oo
Spuai= Lus, === 5 W hwp= EFRET £, men Spcan =2 = IFnl*Cn-nwo)

R fmy = B, —%3:: Frw fervdt , Sped = Fi§ Reced}

_— 2z
ggcw): Sfrw);mw)ll " Egtw) = Eg (W)~ |H (W] 5 Bprws|R|

(43
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PROPERTIES OF R5 (D) :ORCTI=RIS () 5 @ IRgM|S Rgo) 5 © Rele+M=Ret) , TF getamr =gt )

@ Rgory= $200

6. Super deterodye vecievsRs
I 4 Sponkes
¥ —= . &
g Auvleo y
’ (%) £ HERRO:|
AT v B o B 3 B
AT et T :
\\ Loeal %
T QSCI/HOv \_____ )
M - TR —{ vonume
#23 AN N
233 S — N 0 station selector..
o2
S :ch Ahe sntermecliate freg (IF) s Lbower thas Ate received corier ﬁ,e? Lot
33%3 above the f.“m‘f sed pet S'ym‘f f;’ﬂfu it s called a su/aeﬂﬁe;ée&va%e rececver. .

ey

4
4
4
i

7. Modulation s

v

DPSB—sC = Prr) = §x> oSWek

o~
nNAaTIONAL

DIB— LC (AMXY  $rh)= Acswek + £RIW0Swot 5 P @) =TAT+HE PO = Rt R

For %(*) = COsIm A A= 'W\"/(z-f-mZ) = PS/P‘r

SSB— SC = TOR SpECIAL OASE , §h)=ces wmt 3. Fosp g (1) = S Wt ooswek T Smedndsined it
- % Y70 o |
NCAY = N (h) Gosmek -NgGISK n )
QO | LpE T
feos (WaX) =
Swiexy = [ Sntew~wWa) + Sy (w + We) J
8. kimk  Calewlatton s
B foraB ——  SNRs
T ) R [y S, — REG 1 REC.2 ’—_P-
& o( o B A LI N
a1 R
= | Fi P
GA ( ) GB &TQB G G
e
e \ . T S . = o SR MYfe
Te = (F 1) Ts P F=F + G =+ GGz s 2 A 5- f—
| ' )
3 | D8B-SC +  ADVAN.: THE TRANSMISSION EFFCIENCY IS 100% OR SWGHTLY LESS I00% IF A PIAOT CARRITH
mo
w mo IS TRANSMITTED.
l
>
5 |
% g ‘ DISADY: IN ORDER TO Avo\D THE FREQ, ERRORS AND PHASE ERRORS, WE NEED A SyNcHRONOU
£ 3
N DETECTOR TO RECOVER THE ORIGINAL SIGNAK  IT BECOMES A MOJOR PROBLEM WHEN
) f
o 7
sz THE RECEIWVER 1§ REMOTELY LOCATED .
- o T
§ P
bt
; = © | DIB-hKC s ADVAN, + EASY TO BE DETECTED BY USING A CHEAP ENVELOPE DETECTOR . 3
i ~
f
= DISADY, ¢ THE TRANSMISSION EFFCIENCY IS Ar BEST 33% i34
m
§ 'SSB — SC = ADVAN.: ONLY NEEDS UPPER-SIDE BAND ©OR LOWER-SIPE BAND OF SiGVAk TO RE TRAN .
> |
<

DISADV.: THE GENERATION OF SSB SIGNAK 1S DIFFTCULT,
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I. @ fir= Ut @ fe 5= Si; weny B (- v

= yomrﬂ(& — ’t)o@’g

*
— 5;00/%(,’5) dt
oy
= S)‘_‘ S ) GQ’C ; wHeN t;\lj 8“’50 wheN t
3 L =T e T T BV
. %(k): 5_| 5CT+1) "(f:~3(/ +5‘“’D‘_‘ == +5k + < Wit <
gt :jjs('ew)o@r +£'5(\~t)e€fr :_g, +5r —2 & WHEN (g 4
e 0 WHEN + <= v
3
Ja AL+ F -t <0 e

Zrr—2x* ogk < | /

0 £ | -

(b)

X‘(m < =5

2
-‘;:tz+3'}c+§=t$><(o% =S 258545842 =0 = .

= k&= -0.55279 (gec 2)
— 22458 + 2 =5x90% = -25 4> +5L-2=0

= T 0 BE2TY (sec.

T, .*:)” Co¥e= o) = r- £y :0‘5577?‘ (‘05'5?79) = "'0567 _ Eec)

Eo

<O
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NATIGNAL

) S0 {% 9%
éyo"g(t—&r)
Q) i Clh— RT)= _1\__;‘%10090"000#
q) = Coxr -+ f PRRCE r::}: n%: E(t)e“"%f

S >r
G(w)._. '—.L_ Z_, F(OJ 71000) - WHERE Wo :'l_-lr.r == ———IT: 2T7 —TTS_-::-;

ad )/}

\A%AA

5T —4T -3T -7 -

70-30

b) We 2 2 Wy, =2

w F == zv = .._2_'_1.-’:»..., *
Py T‘MO\X
89 ; Tomox = <Weyg = | sec. '\/
=l e e
3. - \/5\/\: s i = b Jt ]
— ) wc
%oy
Q;CD _l_..C=“1F fo

=€ few=3

I
He) = i R \/ = @y~ | + jreWw

€y I+ J Rew

I

| =|
o) Z = =
\H( l | + Raczwz | _'__ (|:: :xlo_e)Lwl

Jjiooo X —=jteooX
+ €

&) Si(e)= 2 cos Goook )= € /

Cep(w) = 21 [ £(W=1000) 4 § (wW+(000) |
|

S (W)= Sg;(w)‘lHCuD(Z = 27w [ 8tw-1o00) Lgcw«t—leoo)] T T F 2otz
z —— L i w W) = [ l -
Se®) = ) o Se )& | + (loocoRCY T I+ (-1e00RC )
= = = 1 V* e w

1+ (1000 X oo 1076 )?
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3 . CONT. b) Qm (W)= [o~© W/Hz

-6
z 19)
Sno W)= Spe )~ IHeo)|” = Temgs
S A ke WL Uk AR |-l |
N () = 5;00 [+ kP L Tepe ). (Rew )2 o(CRcuu) /
- ~6 -
e g SO i - S PRI - . 2
e ave fom (RCM))D STHRC T T Ixiecoxig e = 00005 Vior w

C) SNRo = '/o\ooos = 2ovo = 33,0103 olB /

41, g(t): Fita) eos Cleo )+ §2 (£)SWn Clootr £)
ACCMG@J? Fle o@ef;r’la/f cer

Yo = i
@) Rﬁ(t’) = T@v_;go == Sivz ) Ges+0) okt

g+ = [$, (& )e0sCoomt) +H () SwllooT LD T [ §1th+2) @S (oot +ioom

+ £, (£+7T) v~ (isont +~us«o“ht)j(

== %(t)?. Y coa(leo Tk ) ees (1eot# +loo™ T )
+ F100)F, (2 +7T) R (oo ® ) & (teoTrk + (007 )
+ G ()R (H+T) ~ S (oot ) S¥ (1e0NLE 4100w T )

=+ S‘z(t) ?,(tvc) S¥ (180 A) €S (gt + 100TTT)

= S fE+t) 2 [ cosoont +comt) + ws Qoo )]
+ S T - < fgw (250 T + 0o T Y ) + S0 (tooN T )]
+ $a0x) 312(15447) <+ [ cos Givomr) — oos(2e0mt+vonT) |
| @) filt4t) T [S™(2oomttooTT) = St (10 ff'“):(
80, PXCU == Rf‘ (o) % wosteon T) + leztt%% s (1e0T )

EROM THE FlG . ON TEST SHEET

Fefl(t): Rf»z CTh= ?‘)T‘I gsflfu))}: "‘%T“r Sa (o) = 108 tloTT) /

tzg ()= =+ cos (lsomt) + 2 %10 S (o7 T ) = 100S (o™ ) Sa CloTr ) 1/

(10>

(|/0)
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k)

b)

Nu= 2q6x10™" + 16056X 107'C = 1.8RIX107'® W = —i57.255 dBwW /
ES @
o) o= ATl R
( 7 ) / fc
g = . G )L: 4 X 3.04(59X IG_,O\QXLOQ’XZ\OX[D? >L«
( - IX 0¥
e
= \\8‘7><IO'dr = 142593 dB l/
C) PR — CQNR)¢B+NL&B=+ (—nar(xzvss) ="H"(-ZS'S dR W

Sy = G TRe (13 = 7 308 (OTT) eos (toomr )3

)  RTap=138x10"3x 200 x 0+ = 276&10*"’ w

10 nga leich)

/
0]

Rt =

Fi§ Saclom™3 = ,‘g—rT; yeeX [ w feor] = % voek [ “for ]

N .

/

+

A"g‘iJ A L, -— ?01-( qoT ~N " e naom

—oT - © onw 50T 1o

i .
£ =lag8MH:—30 MH. = 118 MH, &0 [78HPY

-§°k: 20 MHz +1OMH. = 40 MH>z et }OHF‘é ;
—
flwm = )18§~30= 8% MH. =i
$ime = 1B+ 50 = 68 MH=
L/,ﬂ«/

fime = 18 =~ 5o = 68 MH»

hre &= & (F-DTB= 1138 2107 x (5.01F = 1) X 290 X(0% = 1.6 us6x (0™'¢ W

37
i

Pr ak = Prae + Grdg ~™ Xar T Grap

Sy Prm Prar - Grdr + %ar—Gran = SHEE -5 t+142.593 — 5= 15338 dB

- |
- Sy W)= % { yeet [ ste (W — ot >]+ veck [ o7 U“"!*Wwﬂ] L
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