Q1 Friis Equation

Monday, November 12, 2012
9:34 PM

Under the ‘Fue-srace PL moclo\ we "\ovc tre Friiy e,cu.m'l'im:

61' Gc,, }\ ( 61',,6&. C.
Tard ;"
Tken.-royg) P, = (IGT::GJR.' C> P _L X
G 77

(-

'F.er -Fov this cbuea‘hov\
Wher the ‘Fvc.ctvu\y A s cl-\one’cd from /;u to ﬂm »
the nla*l':onshlf betwee~ the old received fover and
the new veceived power
is 32\4:»-\ L/ X
Promew 7o

——

Fr, old 7{,..

|

In cJB) e c.kom%e (jq:n) 1A power s

2
Pr newny - [~} l )_/ﬂ = ‘ Alé
10 lo Lo™™ = 101094, 20 log, =~ 222 .
31° Pr) O\J ' "“N) 31 AQN
)}

P,J new [433 - PV,O‘J (.AGJ

In tnis ovues ¥io ", /{,\J
P,

~ewW

706 M2 =0.9 GH2 ond

1800 MHg =1.¢% GH2.

Tl«we.-[:aﬂ, [433 _ I° ol \-_As] = 20 |onjw —.-7' = -%2 J.B .

PV (o 22

The nao‘)cd’;ve. vesult tells us thet the veceived pover when lf\:f)%er
Frg%vgn67 ;) nga NOU\A \oe \owev) whic\’\ is vulﬁcn* weé eXfcc‘\'

‘me the i—ﬁ fvorov‘l't’wvo-\ii‘/ found earlier,

I~ conclusion, the loss in received Power s %2 B

(abovt €3/ )
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Q2

Thursday, November 15, 2012
8:43 AM

Recall that c=F#\, which meons \=£¢

4 °\

9
Here f= o.ﬁ**loq) 1.4%10 | ond g .gxq0 Hz.

Hence./ /\‘= 2.9 , 15. % , ond S.1% cm
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Q3

Thursday, November 15, 2012
9:13 AM

¥
() 7[‘ =Q00 MRz = Q%10 Hz , R=t1vom Need to mghe sure that thre frminals

Jl' at the c&“ Louném/ V‘CCMVC He miaimum
worst dz 100 m '.%v.md fog.o‘f

nondivectional antenna = GT"G&=1

By +he Friss Equedrion,

f———s 2
1°/“'N = !: = GT&GA" c ) = ( )
";;" Pe ardfL 477 %100 x\“'lp’

f, = 10% 10 xQWxaoo)zawﬂ' <10 | 2 1»2N
(L) If tne System ‘crcotuonc)/ is chamgd Yo /-—5‘ GHz 2 5240 Bz

‘H\cn we Mea
¥ X
P, _ qox\ = f_"("f”*ﬁ') ~ 499 kW

2
(/E:z::' ) (FM‘OQ*S"}")')

AH‘I.VH&“':VG\)/ we can -(:ws\- £ird  the power loss when Yhe -F/easuenc)/
is c%ancag,é Crom 900 MHz Yo 5 GHz. Under the same P-t N
the vecelv ch povev bhas o loss factor of

()"

Theve co'fc) Yo 36'\' the same awmount of veceived power, the tromsemit

e =

fowfv' mu st incvease \,7 o {:ac'\'OV O“‘ 2. )2..
8 s 0-AA
™o 2
Se, we wneed P /«m_" Z5 x 100 = 40007 ® 4.29 lLew
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Q4

Tuesday, February 14, 2012
9:02 AM

(a) Simf\i"'icd ‘,m‘n loss moés\:

Py
In Aﬁl this i b oe
/W—_’ ,-A’—’:\
P.id8) - ¢ [d8] = 4°‘°«3,,V~ r ¥ 4°‘°34°L§') A
W k[ 2 Vo & )
For Fru—spw.c pafh Ua-a/ K-(-:_l;';'.) = ( ‘-tl'd.f)
Here, A=a00 MHa, dozt m
Tl-crg-‘-vveJ
£ \* % -a1.93 4
4o|031° K = qo \0310 (-rllcl.f) x -21.53 88
e ——
b

Nole #hrat & is of e form

)’(4) = b+¥ee

We owe 3}vcn F:ve fﬂ;f'a O{' y‘:/ OC;-

wont Yo Hind ¥ tudh  Thait

1
MSE = z (y(?- yﬁ.’)z = 2 (bd-fd-; ‘Y,;)z
A= A
| — J

1S mmiAIMiIZ ed.

Pau..bo\a on ¥

\/

Col we *F".nJ
2 meg = 2 2 (ba Fee, -y ),
dr l H
O =

LR

bZot. + ¥ 3, - 2. y.
2 4 - % .

Ped L
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. A
4 ~
SD 1 = ~ 3.?1
’ 2.
S,
. L]
N
o4 =
- 20 10 =10
-3 20 -1
-qo0 so -7
-0 700 -20
-12% 300 -24.7)

Lb) A"' A: 150 m ) ot= 4o l°310('-d;=) e ~21.36 .

¥

7=L+'6¢c X -112.29
So, P Ld8] -p, (48] = -112.24

f, 48] =f [d8] -112.27

(, [~ =P [dB~] -142.24 = =112.2¢ dbm.

\—v\/
(-

Remork'.
Tt yev \r\avcw.\. P‘a/pa with d& ond dBwm O'H'M\/
yov onba\,\/ Fiad it S'\‘M»:)e that my ongwer above

doery not lhave ¢ conversion of the unit of -112.29
+b cl&m

This is  because ¥ is wot porer . It s s?mp‘/ o rvmb er
ot n‘-nso—\h e factor ot %a?n/o.‘H'e rwation.

To sce '\"'\is/ \e¥s '\'r/ Oen cas)l cxow\(lc.
Cons:atf +woe values ot ‘\aw&r:

f,c100W oand £, =100,000 W
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Then

4

P, = 10 l°31o1°° d8 = 20 d8
= 10 log, 10° d@8m =50 dBm
1™
St \Ol'/,

f, = 10 \0ﬂ1o1os d® = 50438

-

k)
{0 o~ P

= 4o \031‘, -4—m AL g0 46
No'\"\m'v\‘r) s*\’lonje so -(qr..-
NON, note tha¥

P?. = 4000 X P,'
Ir 38, we heve
sods —sf, [48] = 4°l°3,1,°°° ' [d6]

3°L°‘B]"" P.‘{ja\zo JG

The number \po 0o 1s uatless. 1t 1s rot a aBuam'H'l'/

et vepresents power.

N°""a rote +rhot 1a dBw, e have

,[d8m ] = 30ld 8]+ ¢, [36mT]
/f LA 1\

O&BM So Jl.':m
! ¥l )

To avoid cor\‘Fvsion) ov may see some vefevences uoe

[dew] (or[3BLw]) ond [dBmW] [or [d48 (~w)))
for the osut-am'\"-'\".c: Yot na\\/ reprereny powes.

In which Case, we write

P, [dawT] = 30@6]1— f, [denw)

ond
f, [demw] :/;P[AB.] rpldemn].
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el ) Lo

S+l have wo ‘W’ be cavre '\'hC/ do ~et
vegsesent power.

Swv\mw/ . T¥s o *o divectly add or subtmet cl@ valves +o
C. rowev \ev&‘ A ABM. TN -Fino\ answey Wil e o
power \evel in ABOm,

HW 1 Page 7



Q5

Wednesday, January 25, 2012
4:31 PM

Let ;{; be the center -Fﬂ-%. of e £™ bend 3'00‘0.

TwWe Friss Ecgva'\';on says

Pr [/ Cmebas ¢ (.L)z Y

&1;2

At /4 , the \Nm%c (e AHW:C) VS A1 =40 v,
| ve*dlbd for tre :/s{-evn

So +he m™min omoount of
R

— P
ERAT
Now, ot /'; j assuw\;nb Hhat f’*' is the sam(

’

Yo work V8 \o( -

then ot

distance cl) the veceived power i

So, Yo have P, of ot leert N 1P-l:) which 18 The
(d,/)

win  received fover -Fw e :/shm ‘o wow\g, we need

(.Af)’/x“'\ (A ’(y\

d ¢ d, 4
’f‘.’
'LV.” A, s the ranje A’;

Henu/ °\v v (max dirlonce)

d
£ | 4,

—
7{'. A )
o cecuu | .44
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£ 74 ds

5,511 ?-14

3128 5-5¢
3312 4.55
10,032 3.99

NoYe thal s [_Non‘ G vo, @iu,Mo) ond Telahach, LOO?],

+he A-’s ave ichIIGG‘H)/ C—"l‘"’lau L/ A";; A‘(—;i-)z

L))

which 3;“5 5.10, 3.04, 2.07, ond 1.56 V'&Sfec"';vdy.
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Q6

Monday, November 12, 2012
2:33 PM

(o)let X=kién R. Then, X~/V’(/«-,b’) which -‘mrlics

o \2
’ '%(‘4 )
f(a.):— e .
= a7 & for >0
X/ %/l o
= = SY = (3 s
R=e > F 0 =P[R¢r] = ple”™ ¢r]ar[x< khr]
/ ::F k-&ur
This weans XL )r-rer r >0
R >O. /’;(1) =jl_-'.’ FRL»') e _% ;{;(l«-lk.r)
SOJ _i(k&\" - & )’_
/L.,)=o fo- 2 P
R VSO =__k~ _i_ e
v in A
o ke do v —pon )2
s) k J_ e-%( & ) s y >0
v 374
Al =
{o’ Yso
e oo -1("“4:1_2")1
LY e ‘ < J
(],) IER = SV/BLP) = s/i_;f/-" v
o o
Let e ldnr = o = de =%-1"-AY
4 4 b r
4 -y ke
dv = = v dec ” e d=
Thcvcpove,
le " 2
ER = | 75 € e e d=
—o\&— 63 r—>0 we hoave & — -e
2 5 L (2 b\t
ey = A 2R +(R2Y) 16D
e 7k 8/71—_ e 2'( " e doe
-nz' Co _1_(‘_-&)"
.4 (L)t 4 .t d«
T | A

L—)Tk;a is e rAf of o Gauss':tm RV
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whose exrcc.\-c.cl valve 3 B/

ond var.anece 3 4.

In‘\'eavu'\'hﬁ fclf j'.ves 9.

x|

L2
= &

(C) We wonty Yo 'F:nd v oY which F-p.Lr) -.:.-12-.

Reca\L 'From ra"" (o), thet FR(") = Fx(khv)

By the s)/'“"\f-'\")/ of 7{;{.‘) around ks cxfcd'eJ m\ve/u‘
we know that \:x(kh r) =ji when kdn v = .
ok

chvc-(:orc, ourv souanwt value o-F v 1s €
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Q7

Thursday, November 15, 2012

8:45 AM R T .ﬁt
""‘“"i ", wt = ‘i-n 1 !
(O) By AG o <e > o 3r e Jt
-T
For om0, (Y5> <qa> = 1.

In ﬂencva.]) For an/ constant C,)
T

<¢7 -_-‘l'm ;!—1_ [cét :]?m L C(ZT):‘:M C =C.

T—0o Toeo 2T T

-7
Y74
FoV/b #0/ we o..rr)/ e Eulu’: 'Fom-ula :e,) = cosﬁ-r‘)sfnﬁ, Hence,

<°J/5t P = 1\_.‘:‘ 2‘11: j(cos/&'l' ¥ )sin/bt) cl't
i T

= Jim '—Tcos/é‘l‘ dt + 5 lim 2—'1-; -‘s.‘n/.t,i- d+
-7

T 27 \)-r—-ue 2
= cosptD v {sinpt > e 1 aencra\)
o +°0 =0 {axll) -l-)p)/Lt))
\ )/ 2o Leltd>+ beyto>
Time avevage of cosiae Or siae 1> O
(b
jazAot
ﬂ"h 3 E ckc
e At At
| (,{-Jl1= () x *ie) < LZ Ceu OJ “ 2 C::f’ )
3 3 ?) r m
* Jzﬂ'(’{."’{.)‘\:
= 2 2 Ckcm (4
K W
b A-Fot 2
* Jl"u - - c C*‘1 =21C‘.
< \AJU'D\‘7 = 2 Z* cuC L€ > E- e Cle = u
This 1s O

WL\CV\ /k- # /;‘ .
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Ini‘uﬂ'ivc\y) we cen soy heve that ¢ D iy tre ¥Fime cwcvacjc opetaYion

amJ +re Ovcracae o'F cosime or Sfng s O

Move ‘”ﬁ°"°"">’, we stort with tre fact thot  for cm)/ PCrioJ;c

Si5m|

\im

6(,1:) with fc"'oal T’,

Teo
Ty T
To sece thi \et’s ossume
Now, we want to show et <C°s,6t>

To do twis, wnote that
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%‘_ E 9gtts dx =-'-S 9Le) dt.

<Siﬂ/tt7 = 0.

1, p=0°
{0, rFEo



Q8

Tuesday, November 13, 2012
4:10 PM

. ) (10t +30°) =) Liet +30°)
(a.£) g(k)--scos(aot +*20 ) = _3_(e, + e )
2
330° 310t ~330° -j1ot
-.-.}_cJ er v 2l e
= l = 2*°’ = 3—="f5
5 @) ()

2
Remork: In 3encra,\l -co.r .3(_&) = ovcos (wet {-ﬁ)/ Pa =

>
3 300 ‘}qot _3‘°. - 1ot 1 :)iot -\)40*
(6-é4) e (t) = ju) ces (10%) (-?- e c + % e e’ )(-i (e. Tt e ))
g‘so Jzot -)‘50 o )‘5°. o "33°° ~jzot
= 3( e e + & e +e e )
- V —

cos(30°) -) sin(230")
c03(30°) ) sial3b)
=9 cos 30° = /3

2 2 2
Pp=(2) (R ) s R (1rern) 2 H x e
Remork : In tjenc.va.\ for elt) = @ cos(wat + 8) cos (w,'\:)

(:)Lz.r@_cos&) ) (1+zc036’)

Awno Yher Woy' Yo 36* the «Fozmu\on. cabove 13 Yo CX(O"‘CJ

e (t)

a cos(wet + ) cos(wot)

2 (cos(2wtvo) cosw))
2

at[ L + cos’é)
r 3 "; 2

)30 jeot -330' -yrot Jset 5ot
(o4 ) \/(,'c)-tjl.t)ccs(_sO\:) =2|le ¢ re ¢ ).}-Le re -)

-
[}

. - . ° L . L [ J .
730> jeot 330" j+ot )30 =)4ot -)30” -jeot
=2 (c, e +el e + & e + & e

T 2 2 a a2 q
=2 {7+ 141+ = A xq = L %225
f/ L‘1) K ) 16 9

Note +hat f’/=;‘_-f’3 becavse @ (F-25) ond G(,fi-zs)

Jo no'\' oveyr lct.f
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f’“yé"il’j Le cauvse G(/‘ S) ond 6(7[*'5) ovcr\a‘o

ot £=0-
(b.4) 3Lt) = 3 cos (10t +20" ) + 4 cos (1ot +120°)

10t
= Re i (323 + w2120 ) CJ ‘S = 5cos(1ot + &) where

~ 0.59%1 c-"t.°u.‘t1j 6=a0
2
= 5 x4 = 25 =42.5

(b.4) From part (a.4)  we heave

(8 2 °
Fae & L"‘\' anslﬁ) :-%- (11’ 2 608253."3 )gg.zg*
¥

(b.4&) From pert (a.4i), we heve

= 4 = 25 = 6.25
Py =2P = B2

(c.») Lookk ot the three ¢°Mf°"‘6'\'\" of 3(,{’) in their fkaSor

representation,

We heave 22 0° 1-31.020"»3L2‘to° = 0 >ﬁ

(,lew w"‘ch oV
dranw  +he three vecYors

Tl-\ue(:ovel 3(,17) =0. I|Hence, P9 0.
(c-#) xlt)=o0 = P =0

(c.e¥) yl¥) =0 = f =0
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