Q4 QAM with Phase
and Frequency Offset

Sunday, July 03, 2011
7:26 PM

OCQAML'\:) = m (8) V2 cos (webd +m,Lb) sin (wek)

Recall +ve f"DAU(/\'—'\'D-SUM Sormole -
cos A cos & =-1?-_- LCOS@*‘B ) + cod LA-—%)) .

In tris 05\)9.)'\-)'0)'\_’ we il heed twoe more -(:oxmulq,s u‘o\vo\v?f\j

pvoducts of sine ond cosine  functions.

Atjmir\J we will vie tle Eouler’s Iéc«n\—l‘\'/:
A A
sin A = A—(__CJ - C‘) )
2
Y} =36
cos B = JZ—Le, ~e ')

Herce,
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L sin(Ave) +Lsia(A-8)
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ond A A 6 -0
sinA sinfy = (e ‘ed _)(6 - @ )
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(@)  Let v—1u:) :&QAMU:) J2 cos ((_wcwa)ti—S>

ond Jle) = LPF {\qcng.

Tl'\e\r\/ \07 The ProAuc‘\' -Yo- Som '(:o:mu\a.g

V:I(,t-) = wm,Lle) cosM»,A,w)’c + 32 ) +mn, () cos (@ w)t +5‘)
LP=

©

+ W\,_Lt-) si\t@g‘féw’cﬁ) +m LE) sin (~ (Aw)\;-s )

[ g ®
rﬁ\qL'\T) = m, L¥)cos (_(Au@'t %) -, (¥) S.lr\((_AW){T.,.$)

(b) let v—th‘) = ot

QAMU:) J2 sin ((_wo‘\-Aw)Ei—S>

A
ond ALk = LPF {v—ll.\r))s.
Tlf\evx/ \07 the ProAuc‘\' -Yo-Som COIMUIO\.S/

vl = ™, LD Sl‘r\M-\rAw)'b 1-5) +m, L) sin (LA uo)t-\-?)
LP=

©

+wm, Lt)ces ((Aw)'\: ¥3) —m,L¥) cos\C@"Ti’A\@‘f*3>
e

(=)

r,s\'\?.L‘\.‘) =m, 5 Sin (_(AU«D‘\T %)+ ™, (¥) cos ((_Aw)t-.rs)
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Q5 (a) Time Delay and Phase Offset (b) HWR Rx with Time Delay

[Thursday, November 11, 2010
11:17 AM

(a)
Since the MOA«"’;:Q.'\'\OV\ s mode ot the (ccc,‘ve,v an/ vesolt s
before it is UV\CM'\ ed ond \'\HCVC.'FOVC we still have,
(1) ——
e (t-T) ~—>@€——>]Lﬂ= | >t
Vi cos (wet - 8)
wheve

e (t-T) =m(¥-T) V2 cos(wt - T)

——
=g as c\e"(-?qccl '~ lectuve.
Let wity be 4he s\':av\a\ \,e-Fove Yre LPIF.

Then vl = e lt-T) ™ Yz cos (Wg*"é)
= 2 m(t-T) cos(w it =@ ) cos(wt-86)
mEt=T)(cos LZ“’J’ -g-© ) + 605(9—¢))

= mL‘c~'c) cos (2w, ’C‘fé"@) +m(t-T) cos [O6-D)

‘/ ) \'_\f“—/
‘3— Co cons*a'\‘\-
J/“f l
/ t _1 Ny B | B > 7
~27 -8 "'/ /'17‘(,\7_/‘1.5 This  will posd e LEF.
-;f‘-}é’ L/‘-&
Twis wor’t pass
e LLPE
A\
mLlYy) =

mlt-T)cos(B-PB) = mlt-T) cos(B-w.T).
Lb)

Ago{m, we l'\owe
wlt-T) =wmt-T) [T cos (w (t-T))

N d k)

A
occt-r)___% BWR | —sl e > mit)
: [
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LeY ity be +re s'u.:)na.\ before tre LPF.

e L¥-7) x v (t-7)  wheve vib) = 1[cos (Mf,,’c)zo:]
—_—
L> Recavse w(t-T) is o.\wn)ls 20,
the sign ot lt-T) only depeands
on s Lw‘_(_t'*'b'))) Whickh 18
S; M f‘)/ o0 ‘\‘\:'["\' 5& V&VS;OA O‘F CO)LWc'b).

Then R vik) =

All of Yhe oaralysiy is the same oy what wiay presented 1a class
CXCC{" thalt e rnow hae o tinre -‘t’\:{"\' 0‘{' omount T,

Recall theat
Z

Y (&) = -12 + %coswc - 7x'lLC05 3‘*-’(_{ + eee-

R)

o0
=2 acog(kuwct)

k=0
- A _ 2
where 0L°'il_ 7 q,-—/;—_)oz-o/ q?st;’f%) ————
We Fhen hewve
wilt)=elt-T)xr(t-T)
oo
::.N(_t""-c)\/—z coOSs (Wc(.t—t)> Z Ot.kc,os(kwc@:_&-))
lk=o

o0
=z mlt=-T) quCO; (Wcli"f))cos (kwth—Z‘))
le co

=/z m(t-T) > -ztak<cos (et )¢ cos((kw%("“”))

K =09

So, w(% will be a lineas combination of s‘jwa\s ot e ‘FO’W)

Vax txaxm{t—-T)cos (nwc_kt—?:))
L le ,[
k=1 ov lex1

We krow Hhat tThe srec\'fum 0“' w (1) cusﬁnwct‘) iy e

grec'\'fum of mity shifted +o ,1:27772xﬁ ond scoled b)’ 'g_‘

The Fime shifd  veswolys 11 on extra Ltoctor of ab.“}]/z‘ which
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ct

ocaTy ctrum.

Rcca\] that n/>\u.—) =LPF{\;-H:)3.

The only part 0T wibt) that will pass throvogn He LPF
v

wovld /bc e

one  $Prhat T

CQMA_L&&_-_LM

This covn.(fOan Yo

e Cadt wWren N=0

L k=1 or lexq
N ). \
1 he Con-CSfOV\d\ntj

.

k=1 or =1
H

L wo¥ A Nt

§Um T ON
e | r
| heve TO7e

N N S ] 4
» Sy =vzxd

—
fov MWK, A, =

2
\ .
7

Hence
2

wt) =
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Q6 FWR Rx with Time Delay

Sunday, August 05, 2012
9:46 PM

() Le¥’s srawt with  FWR  japot —ouotput relation:
Pl R 72,0
PR { '

Fwa -&, e« RO.

Here, the inmpot s alt-T),  So, the ootput s
®lt-T), eelt-7) 20
w{r) =
-2 (t-7), xl¥-T) L0.

Now, we Lvnows wove aboot the characterisTics ot  «(t -T).

Tn fav'\"-cu)ow) we lvow thoat £[t-T) =m(t-T) cos (wgt‘\?‘t))
ond that wmlt 20 at all £

(-\-\nug-‘:ovc_ M(_{-—T)ZO ot all '\.'-)
The nonﬂgaéa\"lv'.'\y of mlEt) wmeans Fhatl the 533\» ot «ct-T)

will depend only “on  cos (wch"D).

oc(.t-'t)) cos(w‘Lt't)) Z0
There -‘:WC, () =

-2 (¥-T), cos (w LE-T)) L0

= (t-T) x 3(.’:-'5')

FrnR

1, coyw . Lt-T») 20

wheve 3 Pwal't- T) =

-1, cos [welt-T)) 40O,

In otwer wo"c\‘, 1, cos (wct) 20
ng&Lt) -

-1, col (wgt)<b,

We have seen in the previovs Hw obuu'\-{cn Ywret

‘POY \"WR, - 2 % PO Y —\ . ’ - . N - A-‘
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\Yall D)

CLE-T) X 1) €05 (welt-T)) 2.0 |.

So, i

2lt-T) =, L (F-T)

wheve 3Hw0. (o = 1[ coy) [w X)) 7/0] )

7

Twe ON-OFF Hfunction .
(4) I¥ 1 easier Yo £:-d C«°“‘A <, viee the P\°*‘ O{: 3Fwﬁ and

3HW& .

74N J de 0

cor(w. t) X
%t’-wtzL

)

118 h = -
From 2 (\oh) we  hove 3Pwa.“:) 2 oJng ) -1
Theve ‘Forc.J C,= 2 ond C,= -

e° W+
+ 2 Z (Y cos((ﬂ"")“‘ct)
= S,

oo Lk):
(+) % hwe T

[ ] g

Treve Fuvc 3 Le) =

9 Fwe

oo letq
. a4 > =D cos(tz“’?)“ct).
7 =4 2k=-1

(k) yux) =LeF {\rLblS where
W t) = mUit-T) cos( welt-) %Fwa”'t) .

Let’s -l:.‘rsi' con Sider vt T) =wmi(l¥) co Lw“t) %FWR .

oo L.‘)lu-‘\
wmlt) coy (wet) i § 2 cos ((1k-1) w.t )
7T =y ak~1

vt +7T)

f

n

2 2 Em Lt) cos ((zk'z)wf,t) v b)) cos (a.k w,_‘\:))
7
k=4

[ 3 e
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I\ -

S

prd

Y (Y o3\ .
In -F.rt.os. domo“'n) there Tervs vl W‘\—‘W

of mM(#> shit¥ed o vaviows -\A-ve%vcnc;g,,

\

The on‘)/ tevvn  trat shifts to DC i

b one ot k=1

S0, ylt) = LPFJwilY = 2 mlt-T).
> L 3= =
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