Q1 Powered Cosine Modulator

Thursday, October 20, 2016 9:46 PM

For the usval Dsp-sc mudu\n\-ion‘ vecal) that we “"‘F\)’ use

wmt) —(x
Ag:uL‘U]ﬂ%)

Yo Panuc: *he modulated s'ujnﬁ-\ alt) = A m(t) cos Ll”-/; t).

In class, e Jiscussed anothe woy Yo f""’\"" via moltihration L

vd
revioélc ond even siav-o\ vit) Followed 'a)/ a BPF
?cf:oé'l"—

[3

w(t) ©, BPF
viv,

Sueh rlt) can be expressed as

Fouvier Series expension -rov per lodic ond even sgnal
v(®) ¥ cy v @ o0 (z#/c\-) +a, cos (z}/'Lz./:o\:)a. a costzy (s A>4)+ - (;é? )
So, m(E)xrit) will contain o, (k) 405(177'/'\')
We can eliminate other terms ‘o/ e BPFE witk ‘?"%Ve"‘/ V"{o'\sl

9, ?7[-
H(#) =

o, otherwise .

After aeiaj 'Hwovala sueh -C‘.\’m, e rgma?a.’r\j sibm\ s

z(5) = a,gmitrcos (274 L),

——
le in Fnis Frouzm.
One can §ind a, usia

, ine) ¥re Fourier series '{:ormula.:

Jar(k£)t
vit) = 2 C\,_C
e

We only need C, ¢>n¢3C1 For o,

Note , however, that for vi(%) = cos Lz/rf-t), W is easier “Yeo '/ Yo a(f/
+r.:j°nome*fc ident:Xies Yo convert Y i~to Z£x.

(2) First we uie e (zroa\ud to -suem Formule

cos (Aycos(B) = 4 (cos (Ar8) rcos(A -@J)

‘o cx‘oané coglse  into  sum

of weiy\'\'cé cos (ke ),

cos2se = Cos o cosoe = %Lcos(zoc) + C°‘(°)> = ‘%(C"S 24 “'")

Cos ot = COs pt cos’ot = COS ot (-}@os 2 + 1))
:%(cosaccoszac +cos cc_> = -f;cos 30 *%‘cos e
—
=4 (-COS (3et) +cos o )
2
A\hv»q.‘\’tvc\)')

‘[_@ u)’- (”)A°s’«(’)A‘ 8 ( i)A‘a' (3)A%

s (1T (ST TN D) o (e et

P\gan‘,\a 'S X = w"‘t = 2”7‘; 'k) we %6.\' COSQWO{' = -1‘; coSs (30\’9?) f% cos (""’c‘k)
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At point @, we wont ko Lty cosw .t
At point @1 we Veave mLk) cos3wct = {(—mw) cog (pw()c) +%ML\7> cos(w.k).

«
———— —

e v ~ want Haly “’5!/')'
dorn’t want twis prrt

An)/ bomc)f&n '(:'-H'&V cernteved at t 7£ will work.

tIn aAJ-‘Honj Hre ,m.Js\oov\A 0{' B 1288 {'}H’e/ wust be IO"UGV Haon 28.
NoYe theatl ;'l: e o\)afw\ 0“: +re BPF s 1, +en k= %.

(o)
(b-1) Let o, L) be tre SGDv\o\\ at poiny ®.
Then atlt) = m(,\—)cogzwc'\: :{‘-mu:) cos 3w 1) f%mu’) cos(wet )

=, %LMU-:',;Q) rimiFra k) 2 m AL v 2MUERA)

wreie f < /27

The ‘c‘/cobuwcy bonds ©

Erdder ¥

[-—‘/a&f’cﬁ'/” 8],

BF [ A -8 A+rs], ond
L37[4"6_, '37‘0“' 61.

(b2) Let ot Lh> be the s’..a“a\ at poiat (©.
We will assume Yhat T 3oda of te BPF s 10 (In 3erdld\.\/ f rao{.n :3’ Hen k:%%)

. - 2

In which case, aec(.t)—.:‘.m(,\:') cos wo‘k xc({)

2A

and X _ (#) 29“\’\(.7[‘7((,)'\' -’-S'M(icf?[c) },’: /.'.

- 7 A

; oI/ \
0 N N AP > /

-3#, "-%;')'I/'se' >
8PF

The Fcc’guenc)/ beaind¢ 0ccuf39/A ove
(c) To avmc\ ovcv\c‘p’p;,\j o{ q:cc.'\'/q, at Po;cﬁ- @J

we most have A =B>0 , ond Ft 84374 -8,
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Both conditions veosuive /; >e.

Hence, tre mininum wviable valve ot /(, is B
LC;) Recall (from part (2)) that C"J‘zw‘,‘t -_Ji», jl" cos (2e.%).

Theve is no component aveund 7[:, Hence, this s),m,m woud ot 3'\ve tre desired ou‘)fc)‘\'.
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Q2 AM Modulation Index

Wednesday, October 21, 2015 9:03 PM

Recall +Weet /u,= V_nAC wheve = vn:x\m('l')l

For mlt> =xcos(1o74) , wmo =]y,

LR
A ia the -Fafrnuln. above is He game as “A°

N +his froL\cm.
It s $re am(,i'\'\ﬂb o"' ¥“¢ carrier ]:af"' ot e AM \'rmnmu‘l’h.d 5;j¢\q\,

"

50 = \_a_l =2
J A A
’L—- Let’s conside- on\)/ A>o here.

(@) Her, oz = A= & .=

/ﬂ- /'-
8
) A'::l: &LA=_‘_’!.= MA:i;i B
e 0.5 v e 1 T ¢ ) 1.5 a/2 3

(L) H&VC)A=‘-1' = O=A/A='-t/4.

(48) ON =t x1 =4 2:=6

(#) A=4x05=2 (e) A= & x1.5= 4x
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Q3 (a) Time Delay and Phase Offset (b) HWR Rx with Time Delay

Thursday, November 11, 2010 11:17 AM

W) ———
(a)

et-7T) —9(%——) LPF ‘-——HC'L\:)

Jz cos Lwct - 6)

wheve

e (£-T) =m(¥-T) V2 cos(w it - T)

)
=P eas detined 1~ lectuve.
Let vty be the signal before tve LPF.

Thenw wilty =oelt-T) % V2 cos(w ¥ -6)

= 2 m(t-T) cos(w,t “¢) cos (Wt - 8)

m(t-T)|cos (_2"%"7 -d- B ) + 605(6—¢))

= w (£~T) cos (zw,. ‘c—{é-ﬁ) + m(t-T) Cco8 (6-D)

\__—_\/' —
‘3- PR c0ns'\'6m’\'
l? l
/f\ ]lt [, 5, B & 7
-7 -6 =27 /ﬂl?tc\z;ll_+5 This will poas e LPF.
-2t 40 t7. -6
Twis won’t pass
the LPF.

V/V\‘H‘) = mt-T) cos(B-DB) = mlt-T) cos(B-w . T).

(b)
Ajo&n) we have
e lt-T) = e t-T) [T cos (W (t-T))

w L) _ N
actt-?-')_A} HWR i —| LPT | ™"Mit)

LeY ity be +re s'\cJM\ betore e LPE

T)\&v\) wilt) = eelt-7) x Y(_’C-‘Z.')J wheve v LE) = 1[cos [zzz;[,,t))o___]

—_—
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L>Be,cau:c m(t-T) s o»lwoys 20,

the S:c‘)h o{- et~ T ov-)y At/h\és
on cvs (w, L¥- 7,'))_, rhickh 13
S;-\Arl); a “ﬂ:{"" ed version O‘F C"’Lw(,t)-

All of the oarcalysiy is the same oy what wiay presented 1a class
e.xecﬁ' tat we oW hoae o time ,(,\;.H. o-F omount T,

Recall that

Y (&) :12+ ;E';cosuo‘_ - %xg—cw ZWCt ¥+ .-

0o

- Z akco s(kwo‘\:)

wherve O
we Hren lhave

wit)=elt-T)xv(t-T)
= VVD(_t""t)w/—Z cos (cht’_t)> Z O(.kc_os Lk Woct—c-))

k=0
=z mlt-T) Zakcnn (wcLi'—'C))cos (kwc(_t—z-))
l(."—o
=z mltoT) 2 Aafeos (0w D))y cos(w)%u-z»
K=o

So, w(% will be a lineas combination of shjr-o;\s of b ‘FO’M

w/—szL-x Oﬁm[f“t) cos (n wc_kt-—"c))

T‘14—'1 or lkx1
We kvow +hat the specirom od w(t cos(nwety iy e
spectrum of mLb) shifted +o T 274 xn ond scaled 5)/ '17_‘
T he Fime sln:-\‘—-\- rcsuH’S 1a On (,y-\-la, -coxu\-o, o-F 6"})27/&‘ wk;c,l’\
does notY affect e location of he Srec‘\"fUM-

Recall that v/v\\(_\,—) = LPF{\;-L\,-)?) .
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The On\7 (vt of wib) That will fass 'f"""ouah tre LPF
wovld be $rt one Phat ¢ centered ovoun d O Bz (DC)
This covrestna\s to e comt wWvem N=0
t‘k'—'t or lex1
The carrtsrohdh\b l s k=1 or -1.
vao'\' in e sUMmeaTYON .

Tl’\e,VL‘F(J/f.) v':wgt—) =2 x i—xOL1x mlt-7).

For mwe, aq-——%-
Hence)

walt) = —”—_/Im(,t—f)
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Q4 Powered Cosine Modulator (Con't)

Thursday, October 20, 2016 9:04 PM
As in Paf'\' La) we need Yo cxpmé cos™ (o) ~Yo a liaear combination of cos(ka).
This is e 5‘\"Von Wi- ‘(:o/wav& o:.f(),ca'\'.o»« 0‘(: tire EBEdler’s ‘LOIMQ\Q
.. \’K
co;hac. = ( = ,,L(, re )
. n S N\ k n-k
NON/ ap p\)/ e biromia)l Theorem: LA* %) = Z (_V,)A & . We 3&‘\'

Ny otk —je(n-lo
cos"a = A: =2 L«.)’- e =
Z w=o

2 (L)

o

N‘a

Recall that (:~k> :(‘v;.) om0 ote Yhot Z(V\ k) Nn=n-2k=-2k-n).

Lo, eve-f/ k:c/ thew wovld be onother Yerm le=vnn-¢ o ra(/ with, Thi, 3]‘/&5

(‘2) e;Jac(zc- nD N kv:_C)e,:)“C(Z(n-C) "”) - L"C‘ )x 2 cos((zc—n)x)

\f\/\—_’—“___/
L,\)&’;x(zc-ro
c
This o\ways \’\a(pcns e,xccp-\' when e Two terms owve ac'\'uall/ the scwe term

WL\‘,(,L\ occurs w»‘@"\ L(‘—'»V\-k Or/ eabu\vo,‘\anﬁ'\)// \L= %—. in which c,c‘.)c./
n :)“(7-h""‘) m "
< = oy (o
(.u) - (n/z) (_"/‘) cos (o x)

[aY
Frow twe omo.\/s‘u aloove_) we see Yot cos (=) can be e,xpono‘ex:l Ve Yo
fo% l{near corh\o:—sq,’\".ov-s o-\- Yie cos:ae.

T~ ‘:av‘\"nculov) cosﬁ('z??'f,_-t) con be wivityen oo o Vacar combiaction ot
He cosire cos (277(1“*"‘)7[4‘%‘).

Now, consider wn(t) cos (274 t). We want to we BPF Yo extract te
co~tent orovwnd 1‘7{. The content il be Yhere 1§ and of\\/ i there s
a cos (_7_777[5 ) term ia the ex pons o~ ot cos” (74 ©).

This bappers W oond only it Thee b oa le velve Prat veakes 2zl -n =1,

v\1-1

For o 3’.\:0\»- " otk ke value 1y ks

/

Note Tha¥, -l:mm e bino mnial exponsion k mor be on \n‘l’codef" be +ween
o ond .

So) Vi wmust be oAé viomber Yo 3’.\“ an in'\e'jev'-vo\veé L.
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Q5 FWR Rx with Time Delay

Sunday, August 05, 2012 9:46 PM

o, & 20
() Let’s gravy with FWR  japot -oo‘\"w* velation © ;[F-W& () = {-

-a(} ot LO .

Heve, the inpot s

wlt-T), e (t-7) 20
elt-T). So, the output s (%) =

-2 (t-7T), xlt-T) L0O.
Now

, we kvrows wove cbootr The charac ternYics O"' xlt-T).

Tn fav'\"-cu)o-v) we lknow Phetr 2(t-T) =m(t-T) cos ('Mf.(.'\-"l'))

onrd tratdr wmilt 20 at all £

(tverefove m(E-T) 20 at all 1‘~)
The nonf\co‘)a\":v'n'\y ot mLlE) means Phal the sign oF €ct-T)

wil Aefcnd Dn\)f on cos (_w,_ Lt‘t‘))_
et -T), cos (w lt-T)>) ZoO
There "20”6, w(t) =

= (t-T) x 3Lt~z’)
-t (t-T), cos [w LE-T)) 40 Fwa

W»‘cvt 3 l,t C) -

-1, ces (W lt-T>) 40,

T otwer wo 'JL

1, cos(w.t) 3o
o\)Fw&Lt) =5l ( ‘

-1, cos (w t) LD,
We have seen in  the previovs Hw obuu\-(o«\ Yred

for MR,

W (E) = elt-T) x 1] cos (wlt-Tr) 20 ],

So, wvLb®)

lt-7) =9, L t-T)

where 3 HwR (e = 1L coy [w k) 7/0] )

Tre on-OFF fuaction .
(i) I¥ © easier o $ind Cuomd ¢, vie ¥he ploks of g  and VJnwe .

(8]

/ 3MWR
cor(w ) \
%FWQL%)

From 1re {\ol‘s} we thC stﬂ-Lt) = zﬂawﬁ('t) -1

Theve -Forc,J c,= 2 ond C,= -1

- e 44 S
(&) 9. =1+ % Z (-0 cos((?— yw, )

ECS332_2016_HW_6_Sol Page 9



o= l+d
- (EkD] ( hea)yw .t
Thuc(:vw.) ﬂwaLLt) = 2 Fuwen > _;1 cos| (2h-)w~e _)

MUt T) cos ((welt-B)) %Fwﬂ{'t-z‘) .

(k) yw) =v1eF SL\ru-ﬂS where W Lt)

Let’s 'F.'rs'l' consider 1w (ta T) =wm(l¥) co (_w‘t) qua .

k¥q
(BRD) § cos ((zh-i) wgt)

oo
Wit +T) = mlb) coy (wet) s Z
7 pezq ale=1

2 3 G» LE) cos ((zk-2)wek ) +wmLt> cos (2k w,_'\:))
7
k=4

y pyd

In ‘Frc.-u. AOMO‘\-I\J twere Yerwng
0{' m (> S"‘{{'\"J Yo wvaviows Le%‘-‘"‘cft;,

will e vcr\-’c«.

The only term that shifts te DC W

My one ot le=1.

2 »mULt-T).

se, ytt) = LrFjuiwY = z
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