Q1 QAM Key Equations (Cos-Sin Form)

Sunday, August 05, 2012 9:20 PM
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Q2 QAM: Envelope-and-Phase Form

Sunday, November 08, 2015 12:25 AM
() At a Far"':culcf time T (or over time iaterval 1, 4584, where m (%> ond m e are constont )

soppose W“Lt) =™ ond "",_U:) sm,.

Then s 0 LE) =, (2 €03 (a7 t) v m, /2 sin (277 E)
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Kol (chesk)
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(6 = {Z Elt) cos (274t + BL6))

Xaan

s Emosaarht) ~ /

They should look cxau\'l/ ¢t same .

(b As hinted, we af(\/ the "‘f;o\\. iéen*\'n\-/

cosAcos @ + s ~AsiAB=cos(A-6)

As usval, twis '\'I:D \Aem'\'d-/ con b rw./a_a via. tre t‘.U\e/_; Lormile

cos A cos @ (c

4(e

Sin A 3 B
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cosAcosb +S5SinAsia =ix\(_ = Cos(A-6)
v{?.
x (v> =V/Z cos(278t> cos (274t) v /2 sin(27mat> sia (274 LD
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/
BELt) =z
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=2 cos (274t ~27nt) : ’
=¢(.‘k)? No\_

We com’t stop here becavse tre geuestion reeds

Bty € (-150%180°].
TY iy clear et when t 10 \a“)e‘ “-zﬂ'a-t’ will exceed
~180°. We oy vefer Yo “-2pet® oo '\‘lvceunuvq.pped
‘;hme_‘. Adaxns/su‘o‘\'loc‘\'ms opprogviote -vw\‘\'lf\c of 260°

w ) ‘o"-f\:') Y2z pt? iate the (-ﬂ'ot‘\tb.] Vw\st.
Matre matically |, tris cold be dore via

DLt :LL— w7 et +13o°) mod st,o°) -180,
We oy veder Yo Yhie o0 te “WIarfoc\ r\wme'f'



it}

-

~

(C) We canr a“o\)l " COrv\W\af\d “abbs ornd
Yo F.~d E(t) ond SLb) Vupcc'l"»vc\)/.

A\‘\’efna.'\':ve\y) we can £~d ECY) Crom

onﬁ\c" ‘o m1Lt>-")ml('h)

B(t) = ﬂ"’(_{-, +M;L£, =/ cos™ (270t) + (25in L-mot))" =‘/¢os"A + wsin'A

1
"/co:‘A t %(1_(_0,"',4) = /,_I_ —’5co>"A A= 276%¢

:/'1 —3(%(1-1-(.0;(7.;4))) :/%—%C°>(2A> =/E—%CO’(2”{£2)'t)

The comwmwand a'\'a«z(m#t’)}—-m‘_LtJ) com c\jo Le wied to '('-'fxé ﬁ(_t).
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Q3 QAM with Phase and Frequency Offset

Sunday, November 8, 2015 8:46 PM

%o LE) = v, (5) V2 cos (webd +m, LE) sin (web)

Recall +rve onéuc,*\-_\-o-su,“ '(:Olmu\q,-,
cos A cos B :.%_- Lcos@-ﬁ-B)fqu (A-—I&)-)I

ITn +wis osuc.)'Hor\J we vl 1need twe more -Fozmulc‘,s ?'\volv;f\j f:voaluo'\'s 01(
sine ond cosine functions.

Agm;nJ we will vse +re Eoler’s IAM\‘:‘\'/.'
: —3 A
sin A = A _ V)

cos B = JZL("OG*C_J%)

Renrce, A -)A 6 -8 JATe)  HLATR)  jia-8)  ojLA-®)
sinA cos B :—Lte —QJ )L&J .‘.0‘} =——1-_ (4 -e re _e
“) )
_ A (2 sin(Aved ¥ 2)sin U—\—%)): Lgia (AFB) + Lsin (A-2)
—L‘\') 2 2.
ond JA S)A j6 -0 ILATE)  _Ave) jLa-e) _.'[A_g))
sin A S;a@ = 4 L(e -e _)(_6 - e > = LLC +5J -2 —6\)
(z,) ~4

R Ll cos( AT8D “ZC"JLA--s)) — _’li (-cosLA'GJ - cos (A—-\—Cb))
l—t

(@)  Let \r‘(.t) = ‘QAMU” JZ cos (waam{; vs>
md Sle) = LPF {v;w)}.
Tlr\on/ ‘o)' the pro&uc‘\' -Yo- Som ‘Coemulqg

\?;(A') = v, LED coSM*Aw)'h +3 > +m, (B) cos (LA w)t -\»5‘)

LP = o

+wm, Lt) s:\@%ww)t*s) +m £ sin (- (aw)¥ =% )

wLeF >
;\«4(.1,-) = m, ¥y cos (.@u)'\: +3) -m, (¥) siq((Aw){-*s)
b _ .
(P) Llet \9;(.17) -&QAMU:) JZ sin (Lwc?Aw){;a—$>
A
ond Ale) = LPF {v;un}.
T\r\eh/ ‘oy the ‘)roAuc‘\' ~Yo- Som ‘Co:mulO\.SJ

\rz(,i-) =, e St'f\M-\rAw)‘\: +73 ) +m, LB $in (LA w)t 4-3“)
LPw

(=]

+ V‘V\LU.‘) cos ((Aw)i‘ +5) —MLL‘\T) oo;Wf.rg')
e

-3

Alm =m, () 5in (Bt r5) 4w (¥) cos (Lot +3 )
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Q4 AM FM PM signals

Sunday, November 8, 2015 2:30 PM

(#) During Time tT=0 Yo t=’l°—3, Yrere ove 5 C)’clas of coa(zlﬂéti-ﬂﬁ).
A= 2 =5 khz,

-

Tl«f/c,-c—o.rc s 'Gvre, venc is
-, % 4 ‘o

b)) (. 4)
ac_AMU:) =(A +ML~%)) cosLZF/,j: +6).
Here, Y wvelue ot A 1y wof ta'nve,q. However, we con {‘-;AA i+ Crom The
. . A
moA.)\o--\-.on ‘ndex  wvalve. Recall that e = _:r_ Thua'rorc/ A=/a-w",.

Th this f«ota\cm)/m,:wo% =1 ond mp = 0. Then-?ofc/ A=x0. Note that

even when YOO can ~oYt reecd np =40 ‘Cﬂ)m te 3fa,fh of Aj The
{mfor'\’an"t intormmation Were s ‘\*l«\o':\'/w]’rh A =1007., we Yave A=mf,.

With mia v = —me, we leno s et A-\-w\(_'\.') wil loa O when
¥

mt) s Wv'\nﬁ s miaimum value,

20—

2 25 3

F"c

T

cos(2 e, t+ 0}

(b )
For FM, we e the {"D‘d' ret e Vastontaneous ‘F"e—"s- O'F’ &FM&)

shovld  be /ck) S 7[,_1- kf m(t).
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T i W:
AV

Coue @‘- When m(t) =0, we ihou\d Vave 7[(,-(7) = /‘Q.‘.o :_7/;_

c

©

owc@ T When (b)) Ts e Ws W W Va.,\ueJ e tast. #r&vg- 74_-[1_)

ot a(r_m(_b shovld alse be/ar s “Inlsy\" value .

Tre “hWish® vale of wmeky 13 Yo, So te
correyponding 7[('*7"7[4*‘ l«);m(_{—, shovld be

\q:wa Yhar Ye coarrier -Cve,cs 7‘2

Case @ P Whenr w(E) iy ot iys Y low? vo»lo&J e Vrey. -Q/ecg_ 7£(_{;)

o-‘% Kooy, LB sthoold olso be at 3+ S \low® value.

(b.si)
For PM, vote Fhat w(t) is ic&wbc»coms'\-m‘\ﬂ I¥s volues

“\JMP Q/T

various Flacw bot threre b me place that () c\f\mbe ara»e\uc.\\y.

lo(.a'\’»th. Recall frat e  JAst. re

¢ dervative of wm(¥> s 0 almaT cverywhere except at e jump

ot 2oLk s

/(.'b = -7[ + k'" W‘UT)
2T

Thof&{:och 74_{-:) =7{ ou\w\o.»'i' e,ver/w\«c,re.

At each ot e \jumr \oc_o.,‘\""on;J
change . Suppose e () increcoe l«,/ Am, tren the phose

ac.f, () should Yacve sudden fkasc

of

&PML-‘;) et Hhat \oc.ov\”?on should SVCJAM‘)/ a..A\/a«ce lo/ A}é-‘— L(PAM .

Heve |

k= T . Se A =T Am
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&PML{;) at Hat \,oc.ov":on Skou\d SVCJAw\‘)/ aéua—\ce |0/ A¢-=- LCPAM .

Heve ‘A =L . Se, AZ = 7 = A,
7 ™ MP
Ju»v\, ‘oco.'\";of\
Jd
ms A
L ] " A¢ cme @D When a siausoid i cdvonced L//
1 '\'MF 7 “__2_7]—: we S;Mf‘)/ j?}\' t+le same
_ wave £orm 1 COs -277) =Ccas (B).
2 ~2Z™p 27 ceoe (D (e
3 When S\nusoKA kR a.Avancoc‘ ‘a/ /7'
+mp 177 e simply ‘f)d- s S-2
T e T cos (A7) = —cot (B
ol G) i

s(2at, b ¢}

A

VVVVVVVVVVVVVVVVVVVVVVVI

t S
© © @

(¢) Beve, in pavt (,L)J the “sketchhes” ave o..\reaa/ dromn Ly MAT LA®. He,re/
we simply pot ol of fhem Fogetrer:

éVV/vVVVVV/V//vvvvvvvvv/v

|

T

2
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Q5 FM BW

Sunday, November 08, 2015 10:02 PM

F-‘rs-\-I observe that w(x) Fakes or\\)f 3 values ~4%0, 0, “to.

(@ In closs, we diicuss The fact that Aunnj tre Hme doration T, trat a0 heo

Yastontareous F'“S .—.7{} s Fourier Yronsform contriboYionr s a sinc ~Func.'\"»on
centered ot £

[~]
For FM, we Leno s Yt /‘(;t) = 7[(_*- la’[m(_'l'). Th¢,¢¥ofaJ here /-\—l«e in st 'F“"’B‘ o'F
JCF_MU:) will  take Only 3 velues, P""‘ﬂ‘j:".&""‘ e Poss‘:‘.:\c valve, of m(t>
(-From tve lowet one ‘o Pe \f\'.ahea\- ore)  we 3&"\'

/,; = 7{*’ kf L"‘W) = ‘5*103-\- 7-5(—10) = 5000 - 3000 = 2 kHz.
/,:=/c+k,;L°> = A = 5 kive
,l‘) = 7[(_ + 1,_% (a0) = 5x4o'>1— #5(46) =5000 +3000 = % LH%

(Y) The Swidt,” of cach of tre siac polse ia e (:fub- domcin 35 yo:—_%»
N
/\/\/\’~ Feve, frm Tre (\o'i' of m L, we bhave T,= 1 ms.
- & ‘\‘h(-,/c-carc) J = i = 2 ktHz.
W 1x10‘3

(¢) Bw = :E:*-L[}‘fs) f-ll—_s =L?—z)+7. =% levz
s
R

~Mmaaxn f"‘":r\
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Q6 More properties of FT

Monday, November 09, 2015 10:40 AM

Cor\s’.AeV &(k) L X(f)

(a) Letr yU® :o&¥(§), We want to find Y (A,

- \’,2/7/%0\
First, veca)dl  thatl X (£) = Joel.{:) e t .
T - h yeZF t * *
) Sy .
Hence, Y(£) = Sae*(t-) c‘)w/fét = ( Xacu'; e At> = (3((—/)) = X (-£)
- <
X(-#)

(b) Let yt’c)‘- Kc{mt\::}.
From tie \'\fn’\'J we First roYe Yhat  eld) ‘\-a’C*{,t)‘-’-Q.QC{QL‘T)S.
¥
Hence, yiv = Re{acl,t)?) = Jz-(uk)a—ac Lf)) ond

Y = 4 (%A r Bl = () + XA

F(orv\ (JCH'*' (.a)

Remawrks @ (1) The expression for YUF) above s similar %o lle_&'x(f)}
b ot '\'he)l ove ~oF He some.

Cow\?a/c .

Re {x (A}
Y(#) = 3{Rc{¢(~b}}

(2) Whern xlby s fe.al—\/a\uc,c\)

-}‘ (xcf) r XA o

LX)+ X (=F9).
¢ t ex 7o mlavg s'.:),.\

ylt) = Re [alb} =al¥), ond
YA =% {yt’czﬁ =3 {»ﬂhg = %XLA)
Let’s check wheter YUF) = XA if we use cor derived express’ on

{or N (A above.
fecall P~ot fov real -valued oc(.h)

X(-#) = x*(%)

So, YUF) = L (xtr) v xMen )2 E(xet v ()T ) = xS

e
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(3) Let’s 1'r/ ornotrer check.

Becavuse )/(_{:) vs defined ay Rc{oc(.h} ,
we krow dnatr y(®) will o\M)/s Le veal-valuved .

H"mce, W omust olso sa\'}s-\:/ +e coa\'}uy;.tc S)lmmc'\"’)/ P:o{)ey-\'/ .

YU-F) =X
So, et s Yoy 9\033“(\3 =f " ieto our expression for v(#):

v = L[ xep e Xt-4)
This 3'.\/&3
¥*
= - #
YUi-£) -%LXL £) +x( ))

O‘F COUV‘CJ
“AH =i (KT x(-#1)
N ) =1

Thg,yc(:o/c,J YL-7) ._Y*Lf) as expecked.,
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Q7 QAM Key Equation (Complex-Exponential Form)

Monday, November 09, 2015 10:42 AM

(o) oc, L) :i xbuc)
B}l e Lacb_-sh:H- {:roperi'/ of Fourier Yrons -Form)

jaz kot F
._o,‘)w k) — X (F-A)

—_—

call this o). Then GL7) = XplF-7c)  ond

@, Lty <[z ‘ltlm“"g.
™
Recall, From tre pre vious fnolo)em rat Re {3(.‘-‘)% l: "l" (_G(f) + G ("’[))~

*
Hence, X‘,(fj =5*%(GL7‘) N 6*(—;‘))=é(xbt’£“/‘) ¥ xb(_/_/‘) )

UO) By Tre 'chs.—sh'-{"\' Prorc,-\-/ of FT)
-~y t
OC.fL'\TJ CJI' E—-; Xr(/"t‘ft)) = XFL%T 7[(,_) :sz:(.){b(/.r/‘ -7/‘) .',)(:L_L/‘.{‘)_,fa )
L[ X A X [~ (Fr2hd)
5 L b L(

-—1/7/5*
Trerefove,, V7 oy lh) e’ i xbt;ﬁ)rxf(-cr‘»«uﬁ))

1 S LeF
LeF] 75 — x LA+ o = x, Lf)
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