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Solutions Manual
for

Microwave and RF Design of Wireless Systems

This manual contains solutions for the end-of-chapter problems in Microwave and RF
Design of Wireless Systems. Hopefully there is a good selection of theory versus design-
type of problems, but the instructor should be able to usc these as starting points to
generate additional problems for homework assignments and exams. Many of the tuning,
filter, amplifier, and oscillator problems will be facilitated if the reader has access to a
commercial microwave CAD package, such as HP-MDS, Ansoft Serenade, or similar,

but this is not essential.

Many of the solutions given here have been verified with known results, with
independent solutions by others, or by computer simulation. Answers to these problems
are indicated with a small check mark. Nevertheless, there likely are errors that have

slipped through, and the author will be grateful if these are brought to his attention.

David Pozar

Ambherst
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ANNUALIZED WIRELESS INDUSTRY SURVEY RESULTS
December 1985 to December 1999

Reflecting Domestic U.S. Commercially-Operational Cellular, ESMR and PCS Providers
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Date Estimated Annualized Annunalized | Celf Sites Direct Cumulative Average Local | Average Local
Total Total Service Roamer Service Capital Monthly Bill Call Length
Subscribers Revenues Revenues Provider Investment
{in 000s) (in 000s) Employees (in 000s)
1985 340,213 482,428 N/a 913 2,727 911,167 N/a N/a
1986 681,825 823,052 N/a 1,531 4,334 1,436,753 Nia N/a
1987 1,230,855 1,151,519 N/a 2,305 7,147 2,234,635 $96.83 2.33
1988 2,069,441 1,959,548 N/a 3,209 11,400 3,274,105 $98.02 2.26
1989 3,508,944 3,340,595 294,567 4,169 15,927 4,480,142 $89.30 2,48
1990 5,283,055 4,548,820 456,010 5,616 21,382 6,281,596 $80.90 2.20
1991 7,557,148 5,708,522 703,651 7,847 26,327 8,671,544 §72.74 2.38
1992 | 11,032,753 7,822,726 973,871 10,307 34,348 11,262,070 $68.68 2.58
1993 | 16,009,461 10,892,175 1,361,613 12,824 _3a810 13,956,366 561.49 241
1994 | 24,134,421 14,229,922 1,830,782 17,920 53,902 18,938,678 $56.21 2.24
1995 | 33,785,661 19,081,239 2,542,570 22,663 68,165 24,080,467 $51.00 2.18
1996 | 44,042,992 23,634,971 2,780,935 30,045 84,161 32,573,522 $47.70 2.32
1997 | 55,312,293 27,485,633 2,974,205 51,600 109,387 46,057,910 $42.78 2.31
1998 | 69,209,321 33,133,175 3,500,469 65,887 134,754 60,542,774 $39.43 2,39
1999 | 86,047,003 40,018,489 4,085,417 81,698 §55,817 71,264,865 $41.24 2.38
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The Iridium satellite telephone system consisted of 66 satellites in low Earth orbit, and was
advertised as providing worldwide coverage with a single handset. The system cost was about
$5B. The satellites had an expected lifetime of about 5 years, after which the entire
constellation would have to be replaced. The handsets were large and bulky, with a typical
price tag of about $1000. Service charges ranged from about $1.40 to $3.00 per minute.

While the Iridium system was technologically sophisticated, it was doomed to failure for
several reasons. First, the rapid growth of land-based cellular systems provided service to large
percentage of the population at rates that typically were a tenth that of Iridium (Typically about
$0.35 per minute during peak times, often with free talk time during off-peak hours. Handsets
are usually free, or with a small nominal charge). Iridium claimed that their system was the
only one to offer seamless coverage to people in lesser-developed countries, remote desert or
mountainous regions, or even on the ocecans. This was frue, but they seemed to miss an
important point — there are not many paying customers in those regions. Another serious
problem with the Iridium system (and one that was never mentioned in their advertisements) is
that Iridium handsets required a line-of-sight path to the satellite, meaning that it was rarely
possible to use an Iridium phone in a building or vehicle. Land-based cellular systems, working
at lower frequencies with better link margins and propagation properties, work quite well in
buildings and vehicles. Iridium declared bankruptcy in August 1999, and the present plan is
that the satellites will be de-orbited into the oceans. A sad outcome to well-enginecred system,
but one that was not unexpected.

The Globalstar satellite system consists of 48 LEQ satellites, and is also designed to provide
worldwide telephone coverage. Globalstar handsets typically cost about $750, and service
charges are about §1 per minute. Satellite lifetime is expected to be about 7.5 years. Service
began in late 1999, and at the present time (Spring 2000) the Globalstar system is struggling to
meet its market projections. It, too, has trouble providing service to users in buildings or
vehicles, and so suffers from the same type of problems as did Iridium. We expect it to suffer
the same fate, but probably at a slower pace.

The lesson here is that large constellations of LEO satellites simply cannot compete with land-
based systems that provide essentially the same service. Land-based facilities are much cheaper
to build, install, and operate than satellites, and they can be much more casily modified,
upgraded, and repaired. In addition, the quality of service (including factors such as coverage in
buildings and vehicles, handset size, weight, and battery life) of land-based telephone systems
is significantly better than that provided by satellite systems. This is ultimately due to the
difference in link loss between satellite systems and land-based cellular systems — a fact of
nature that no amount of marketing can change. Users will not pay substantially more for
inferior service, even if the system can work worldwide. The same conclusion applies to data-
oriented LEO systems, such as the proposed Teledesic system.
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K =0.005 AB/lm
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| | —0.51% 0.228 | 22.°
2 | —olle 0.245 38.2°
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613 Si=0.34(472° | 5,,=0.06/70° Sz =4.3/80° , S22=0.45 (25"
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6.17
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7! l "VkF (f) = VRFECO‘BJ(CULO" wIF)—t + cﬂ‘ﬂ'(wl-of-wrf‘-) t]
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%WMLPF?
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DLTL w=w, %(‘L‘):éﬁi v
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9./2

ASK 4@ = A=V [ Lo(T)=VT V(1) = VT +70(T)

PP = PEVT +No(T) < VT/2} = P§nocm) < —vT]
~VT/2

Mg X MYz g

= j e—V‘O/ZO— ch': J. .e / Ano:_y—_‘;;je, KA-?‘ ( )\/
e Vi VAT VT

2;20‘

PSk 4l =2,8) =V, 4o(T)=VT ; Vs (T)=VT+ No(T)

") P§ VT+;4=-(T)<~°} = Pg Nol(T) < —\/r}

-V

i %
— ~No/20t g Ne/er® —xt, _ L VT
_f < O(Ho '—'-j / JM = 6)‘0@“2'%(@—0—)
o Verr* A Ver ot

\7{6—
Fsk  4lt)= 4,.&) =V AolT) =VT | U (T)= VT+np(T)
e NET) = NiET) -N2lT) . Vawioance F Y L
m = Pi\/'r +wcﬂ<o} ~P{n(—r)< VT}

= (et e N a- oo‘“‘/tfa‘ RIS e J"j"“@‘/ﬂ
\[Trn: Yorrs

-‘“‘Wz’v(””/
QA‘VW; %E,T_:R_%:

2.0"
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q./3 AsSK: P=1% .‘o.%c ( E%fno)

Fsk:- Pe = é%(/g%h;)
Pk et anfe(|[Ery )

- Ep/Wie (dB)
Pe l IFe ’ dnflf_ Y2P) ASK] Fsk] PSK
/o=% | zwe? ]. 6¥5 /0.3 7.3 | 4.3 v
/o~ 8 | axw08 3.968 (2.0 | 1501 12.0 e

9.4 For Cotrent FSK | Pe:'i’vb,,/f_(l)E%nb)
Eb :PTb= (/0_6)[5-;,06 )= 2x07 1> W-ate.

e =07 =5 No=awxo W/H 3 (Euine =10dB )

.

SoEbfoy, = 2.236
] -y
st anfe(2236)= £(.Sene”) = 7.8x0° "

-E o -
Fev aonceotierve it FsK, fect e o/21 ‘Eﬂ_ﬁ‘l:_‘/

Ge=27.6dB= 5754

Gr= 61348 = { 36x0° X=520.1307 m
Ebfro = [4AB = 1. 38 g

R=/6 XofHhm= 1 6X0"m

No = kT = (1-38x/0722)(15.5)= [ ¥6 0 °°
e Pe6eCrA o ssexio wv
(4 R)*
£, o g P Mo _ 5.5ex"T
=5 = P L sl
> TRy ® e Eb (1.38)(1 s6x/0 %)

= 2.17x00% bps = A17 Rbps ¥
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106 | Ut at) =dalt) = —Vesewt o "

Thon 4o(T)= -LT = -Ep

Vo (T) = Lo (T) + Ho(T)

.
’)1¢(T)—.f n) Verwt A1

T r= Mo = Efn,,(-r)} Egj w(t)wrs)V cq-«-wtmwSan/S}

f j“o S-SV epacipt Contwy s dids = V- Z = MEp
2

b e et JE i T
E/iT

J'_

Ep = Ebﬁ = [ Ew
\/—L—G" ﬁﬁoﬁb No

Thus, /
PV = % e[ E2) = & ape (|5 )
9.17 ._,'A’zg(?t):g);z

o Evlan,
ASK Pe‘z%(%) ai'r Eb/im,

FSK Pe = 2"'74(\[5%2) 2;&%

"Eb/ﬂu
PSIA P = (}’“E,,/ )
= ‘”"ff n
Sll/_ Eb/no
_ A S K F S v P s kK
LT!='/V|f>("(5)| Ebmo| exAct| LA, | Exaer] LA exmr| L.A.
5 3.0k | 0.165 [0.14 [0.037 |0.046 [6.006 [0.0067
15 3.6 | 3.5%055 |2 m6° q.uxe? |9.8x57 9.4ywo'e| 9.5 xo-16

(LA = /60/\?,0_ anguimtn)

135



7.18 Lo(r) = ?r:_i e T2t | OErE® (RAYLEIGH PDF)

2" 2 &r‘{\")
€ er -r‘/zr"r:, v
fj T = Adr =-¢ 0 r

e o
.-‘{‘7'20'1 L7 AP
W . €T S Y= g0l
A5 - r* +(0“)(¢”)e o

- Y2 =0 = r‘=0‘an/mWoI£aCr 4

9.19 frer = 5 eWHrYeT T (LY screw (RiCiAN POF)
Faen aﬁ“—“’"ﬂaﬂ B, x
T, = S v Lange 2
AT X
So,

\h
3
™™
3
R
™
(®,

(Vier®fze? (¢ VYt la v VY
21Vr € 741' '
~ [x ~(viarv+ri)/art
2rvVat c
~ T e—(V-— I")t/za.z
2nvVe’®

S mee Hha prafe aF Fr(r) gecue %-,_, r~V, MW—AJVK’)A-%
e ~ [ -
J:r(r)—— 2_7":?1 e }
e e a egm,“,{am At Lo
Svlr)

=T
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9.20| p, - PDT,C,,(x>ol¢ + P ff, r

3P £ (ko) #P L (K) = 0

éa:wc.o_ %(‘I'F(H)dﬁ = f(x).

TM' Po‘fﬁCXo)zptﬁ C')C.o)

J—f. Po=Fizlz , tham optemunmy XoAaﬁ%.'m fo Oo) = Fi (%) .

7 Vi (t) = Con(Wot +4)  — 5K
Val+) g] Vo ()
Q) Vi (£) =tV ere Wt +nez) ? e
Offs. LPF, | Veolt )
Vs (t)= X VTCre g+ 70

"—Pinmhwwsé} fr;r—%/‘*—?‘d"" é%(%{)

HIRr) s, e

CHECR: of ¢3¢ Pé" = tande(o) = fo ¥
e qé— 270°, % =4 afe ()= Y2 v
s AN 4]
=- 'L-ua‘c('/_)/ (uwfl.,...mzf'or¢*oca-¢-ﬂ-)

i the adove e naed du,.,uﬁwii] that &D&cc—xﬁa-ﬂylc(?t).
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9.21 CONT(NUED

e = 2nj @/\fta/;cﬂ;é)alﬁ ﬁ%(/ﬁ Coo;é)a(qé (SYMMETRY)

e tCoagfp >0} (Coad <o)

- i [opel fFcor)dp + &  [opel[E nt)ds IS

T Coodh = Coa(m-8)
2 y = - tged

< fopel [E ) 44+ 35 [opel fE )l

IW)J¢+ ad’a M@ de

- ST

9.24 RAYLEIGH FADED ASK

Frgm (9.76) , Fe= mfc(ﬁ S tohinent ASK (mon - faddecd ).
TWWPgﬂmﬁWWAS#M,
Pe = fPe(E;,IT L£olr)dyr = 'L‘J._QAA(F:) r ‘r/ZoaAr.

TM,«/-JE?ML«[— haethe Moo ﬁ'l/nﬂ ae (9./08), titeepd Lhat

Ep <o W.ﬂgghﬂ-} #Mdﬁégﬂer 3"‘2517 2w fefre,
thim we o eplace T un (9.42) webh Th

_ 7 r
o=z {’_ T ] E JZ'[" qir ]

RAYLEIGH FADED FSK:

Fao~ (7.81), Pe=‘2l‘._@7¢c(' ZE];; ) 7&”’ ot S (NoN-FADED)
T hawe tha peﬁ_"ﬂW fnolera FSK i
Ch j%(‘:b\f‘)h(r)o{r LJM(F) Ll T
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9.3 CcoNTINVED.

T he a/&vvtmﬁjﬂm—g MWW%@AM{?,/O&’)W
that €y <o neplaced Ly Eyf2. Doofurie T2 2550 au defere,
Yo . Com rtplace T am (9.012) i r/a "

Pe=¢[:-|/%]=é[,ﬂg:} /

FADED FS5¥ | NON-FATED

fe [(dB) | FSK Epmo(dB)
'a 169 ~ 7.3

107 4.0 v (2.6

107% 7720 V /5.0

1.23 Fou /Vw?’l-\)fo.o&d BPSK,
Fe = b))
For Pe =107, 105, 1078 actve 7&1 Ew/No J/j Twal- avd ~trroe.
For R '
o WWBPSK, _ 1
Pc='£['“Jl:er] ) 0= ;dwfb
Thie comn A A-OWOL‘/LW% -frfu :

M= (f-?.f’e)z
[ —(1-2Pe)?

P FADED | NON-FADED
< F(dB) | Epm, (dB)

13.8 v 4,3
67| 44.0 7 | 947
w8 740/ | 20~

Wote the 2Ud B —ntreont 1'»0?@10"5 fa’L't/{(\_Q fo.o(.w/am./
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?J‘/ T_sys': 7;] 'l“(F“f)‘]; :QOOf(E-O!”)(‘Z?OJ:I-BéBK v

No = &Tsys B = (1. 38 x0°22)(1363)( Foxs0%) = 5.¢ X0~ W

Foo b= =s07%, é;_b_= 2.6 48> 9/2 ~

§2-,= ;\5 Eb ~- 233 —
el B e T S5 (9./12)=7./ =85 4B

So = (32 )Mo =(7)(5-68056) = 05057

Ri= PEGrGehlhs _ (390C29X40 (19" _ 5 45 ws0'?
So Y xro™l5

R = 6 8tm

72| Fo akpba Condinl, R= "'35"4?7“*%“ = 475065 m,

Pr =BG XN )W) CI5) g sy v
(4 mR)* (4r)*(4. x0’6 )*

. s : ) i
Foo FsK awdth fe=/07, Asgunt %_fz.edg— (8.2 v

.E_L-_- Pr =/8. 2
Vo NoRy,

No= 4T = (9. 38x07>*)= si62xm %2V

Pr G’.S‘x,/o"z}

b‘: =
(1890, (13.2)( 5. 52107 %%)

= 0.085 bpS
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7.26 Farem. (9,73 8’)/ Fa = #%(}%ML%)

.'Znuéuo.&—cw&ﬂ( M-PSK , swth Es=nE,, and M=2" 741

M>2 . Foo Pe=r0"7%,
nfe=
MINn|anfelx)| % Eb/Ho (4B ]
vse Pe = T
L Eﬂ) —s A | 1| 2x00f | 305 9.6 (BPsk) v
For m=2. g |2 | axwe® | 305 76 (QP3,.) v
g {3 | 3noF | 2.95 13.0 (8-Psk) v
6 |4 | awd® | 2.90¢ (7.4 (1o ~P3K)
32, |5 | 5% | 2.968 22.3 (32-P5K)

7.27 f = 660;{% & 3c00Hz ; Ja = 30d4B.

c = 514;9-(/1" ”53)

B= aqooHé(
._$.—_ = = .
Y 304D =roc0

Thwe ¢ = a400 Ay, (1000) 2 24 &bps.
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No

- - B
728  g=sokiz |, s=-¢odBm =W, B =07 wns.

)

S . 10~ = [ 7xs0% = 4248 .
Mo (axr07%) (30 %1%

- 20 (1-7%s0%) .
T C=B’é"7a(/+ kfb)‘ 30,000 oy, (17K

= 30,000(y) = 420 kb5
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Chapter jo

/0-/ F = gdB =63 ) B =50 JLH}/ Ta =1000K | S/V,?mw: ;oo/B':/oo .

48[ Ta +(F-:)n](§;)w

(1, 38 x00™2)( s0x10°) [ 1000 + (€.3-1)] (290 )(100)
= I-7s)uo"’3 W = L25xre7°miW = -97.6 dBw.

DR=-204Bwm+ 97.6 dBm = 77.6 B

|

AMin

"

02| by=00mW , Gr=348, Co=ldB, Ty=100K , N=70% , § =700MH;.

Rb'; /-6/"(5,95) pe_./o-g) Free =72 ¢fB.

Ta=NTp +(0-1)To
= (0.7)000) + (1-0.7)(290 )= (57K .

(—3—) - B By Ey =10, Fpee:15%

o B 7 s

o ol cerom](5) = 4lrwron)(E2 )R, (v papsosr

=38 xro"”)[fﬁ'? +(15.8-1)(2 ?o)] (10)(/.6 xr0® )

= 9 gx0Bw
S*'Mw . PiGeG A Gy 2.0
(4t R)* Gr=) 26
= 200 - 0.33 wa -
700

R = P-{;GﬁG—r‘/\l - 0.333 (0-1(2)(1.2¢) -
'S-:imm ("ﬂ'()t 97 (? 3)0’0-”) M
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10.3

SINAD = (2 B=15.€ , SeNsiTViITY= 34V (Rus, soa.) , B = 3ok,

S, = VT - Greoe)? /. gx0Pw = -97.94Bm v
Zo 50

StN=(5.8N = S=/18N

F= SN _ ((.8%07") (_L_,) = Q0db
SeN,  kTB (H48/ ——

M" = -kTo B =1 Z-NO_I[-" w/

4] $i=-60d8m b -a0dBm , So=-6ddBm | B mHy.
. = = =/ -8
N 30dBum = I B . S _yc_ S ne
No= Mi ., RToBGn) 7
L L Lzotr40dB.
S.(@Bm)| L(dB) | L | NoldBu) |  So/N, (dB)
—-60 o ] -80 20
-50 jO 10 -90 Jo
-y40 Z0 0% —100 40
-30 30 103 -/08 Y8
~20 4o 1ot - 113 53
—/0 50 05 -4 5y
o 40 10° | -ny sq
— 60
m 3
S i
50 T
=
m |
S40 -
2 N
= -
O30
O -
w |
<20 II]ILI‘II]'II|\IJ{I {

Input Signal level (dBm)
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/0.5

BPF LA BPF BPF TFE
! ~ | J\ ! ~r] ! ' ~ ' . '
v [ T ~ ' - ' i ' '
Ta=yooK | | ! ! ' '
;- L=2dB | G=sdB | LB ! LTedB ' Ls=4dp , &=40dB!
' F=s5db . F=¢(dp ! ' Es/odB
1 1 P|=5¢JBM (6) | P —-Sda (‘)l | P -JodBl (b)
! L Py2iSdBw (o) v R ot ™
: ! : 1 PgziodBm &) . P3 =3cdBu (o)
| | ' | 1
‘ l
G, -2 ' i3 v o . 4 Lo ' w0
F i 2 . 7 0 4 729 778 ! neg
Py ' oo ! -2 95 | /o | 6 ! 20 |
: : ! l ! | I
Sldtw) =70 -2 -77 -80 -86 -0 -50
SldBw) 30 -32 -17 1) -26 -30 10

{a) ovtrall M%?vu( o Fece =11.8 dBY =rs. |
(v) o olput SNR=12A B, ard Ta=qook B = 50dHz , 2o =505, than,

5
g“‘MHU = -&.B[TA +(F'l’)'ra] (I_J)MHU
(1. 3%rv0*3) (50x00%) [ o0 +(15.1-1)(290)](15.8)

0

=49x0W = -103 dBm V
V,t' MiA) ’;20 Sﬁ.M‘” = Q.l/"‘ l/ v

(e)

)

fi{si -0 AdBm , Py 0Pz MMWM
4“1 $i= =30 dBm, PPy @ mren W‘a{

Swee WMW
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/0.5

Signal Level (dBm)

CONTINVED.

SINAD = [+ %‘;—

Stage

So (dB) = S, (dB) +40dDB

S (ABw )| SINAD (dB)
—-120 t.2

—-l10o6 5.

- %0 35.0

— 60 55.0

- 4o 75.0

- 20 95 0

S%ch,éuri

6

(ot gutact)
(MW sdodB)

Neo :‘kB[TA +(F-() To| & = 3. ?(/O—”W = =75 ABm



0.6 conTINUED.

100

Output SINAD (dB)
g 8 2
|

N
Q

T T T | T T 1

ffffffffffffffffffffffffffffffffffffffffffffffffffffff

***********************************************

--------------------------------------------------------

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

-120 -100 -80 -60 -40
Input Signal Level (dBm)

07 Frm = fre =2 F1p
< 8RO Mits -~ 2(88) Mu 2
=764 Mits [.4% fro = 792 MHz).
OR, ‘FI‘M = ’FEF -t-slfr,:
= 360 MHz + 2(%8) M3

rose MHg (o fr0 =768 MH3)

) Mwwg
z) M"'j 2 /LZ/%HM%
s)dwm?z rLF.
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/0.8

{= ?"O/"fﬁ'g, ?/o/wyg,, 720 muy .
Bw= 1 mug, FIF =0 mhz.

&)  fio= frp~FrF

frm= fer —2F2F fmuz) | Fruatmiz) | Recvp 7
200 ggo NO
910 870 Ne
720 g00 YES

b) Sa.g, '/fRF :?OOMHg.
Tha fp= 900 -10 = 870 Mtz
Spare o 7£=,m-ﬁer""'ﬁ.a| = 1900‘"“3?‘9"1

= | 80(m-n) +10wm |
Thic e owly st the pasbd o en=

200 m-§70n .

to v
- 35 x
10 x
20 %
{B/0 ¥
720 *
30 x
=770 x
-870 %

( dota MWW o ek tovpudin progron)

N"'WWWNN---§

Wwh—m~p ~|2
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0.9

Nt V e M
G-(dB) -y Y I -2 -
F dB) Y 2 2 2 [
Py (dBm) 100 7 7 loo 35
Gy= 150lB
Fr=6l dB
Pg-r = 3.7dBm-
The %zmm codke e el To- Wf«)&bﬁg
wd et Atne o ~the a'u—j//"w-é )
Akt Py a2 Lower by 34 dB.
100
B0 |\
@ P3
@60 | N
o
M40 | N\
=) |
I:: 20 |-
a1] - F N\ T :
= o [ s S ———
Q s 5
_20 ] J |
1 2 3 4 5
Stage

880 RF
1o LNA-) LNA-2 BPF AGe
A > ~ 3

149




10.9 CONTINUED.

¢ compute cascade gain, noise figure and IP3 and write data file for plotting

dimensgion g{30),£(30),p3(30)
open(l,file='cascade.dat"',status="'unknown')
writel{s6,5)

format {'How many stages? ', 6$)

read(5,*) n

¢ read 1in data

10

do 10 i=1,n
write(6,6) ,1i

format ('Enter G(dB), F(dB), IP3 (4Bm) for stage #',i2,

read(5,*) gdb, fdb,p3db

g(i)=10.**{gdb/10.)

f{i)=10.** (£db/10.)

p3(i)=10.%*(p3db/10.)

continue

write(&,*) 'Output G, F, and IP3 at each stage:'

¢ compute consecutive cascade results

200

gt=1
fr=1
do 100 i=1
gt=gt*g{i)
fFt=ft+g (i}
gi:l
d=0
do 200 j=1,1
gi=gi*g(]}
d=d+gi/p3(])
pt=gt/d
gtdb=10.*alogl0 (gt)
ftdb=10.*%alogld (ft)
ptdb=10.*alogl0d (pt)
write(6,*} i,gtdb,ftdb,ptdb
write(l,*) i,gtdb,ftdb,ptdb
continue
stop
end

N

*{f{i)-1.)/gt
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/010

¥

WG 386H 38GH 1. 86H L BGHE
TRALS. LMAg‘ BPF ’ Mixe? BF 8 Ir
| J % N A __,® S D__

Ly ]
G (dB) -0 20 ~4.0 -70 0 13
F (d8) /.o 3.5 4.0 7.0 o 2.5
Py(dBum) 100 15 100 10 100 25

The. wfm code qued on Protlon 10.9 Gt
Gr= aldd v
Fr= 49d8Y

P3T= [—55 dBW\ d—i- o-uj'f'«j
= 155-2l = -5.5dBm JW v/
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