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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

US @Mvﬂz’dwﬂma/u%%m
talte Akow; oo The CTIA WM@MMA’#

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




90,000,000

80,000,000

70,000,000

60,000,000

50,000,000

40,000,000

30,000,000

20,000,000

16,000,000

Wireless Subscribership: December 1985 - December 1999

86,047,003

69,209,321 |

1985

1988

1986

1989

1,230,855 5 gco 441 3,508.304

1987 1988 198% 1390 1991 1992 1993 1994 1995 1996 1997 1898

Average Local Monthly Bill:
December 1988 - December 1999

1993

14990 1891 1992 1993 1944 1995 1996 1997

$41.24




[ &

WIRELESS LAN MARY-ET DATA WAS coiLLecTED FROM

SCVERAL SOURCES , /NCLUDING THE YAVKEE GroVF, THE
GARTNER. GROVP  Anp oTHERS, VALUES WERE AVERAGED,
AND PLOTTED BELow. THE HASHED BARS ARE ESTIMATES
For. THE YEARS Q000 AND A00/.

- /
g /
. |
g 200 /

o U /

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year



t.3 THE MATOR SPECTRUM ALLOCATIONS Fok SOMHz & o?G-Hé_
Are LISTED Balow -

BROADCAST RADIC AND TV!

FM . %8 —/08 MHz 20 Mit3
TV Y -7A MHz - /8 Mh3z
76 ~ 8% MHz - i MH
174 -~ Ao MHy — 42 Mt
470 ~ 370 Mu; —> 420 MHZ
s1a MHé

WIRELESS SYSTEMS:
AMPS | 86T -394 MHy = 25 Mu3

B24 —g4a Miy_ A5 Mug

PCs v (T[06-1785 Mu% —> 75 MH;
1805 ~ 1880 Mg > 75 Mity
PAGING . T3 -~932 Mtz > [ Mz
TsM!  Go2-TAB MHz—> Ab MHE

———

L2a7 mHz

wmmwmm aamg; W

MTV
(JR.7 0/14.«..&,& o, Vs D W NTIA

tM-94~160, Natiomal. Land MWW
Jw@j!‘??%’,

(J R.m Mayxﬁm,cfaﬂ The Sum Detla Bues * A Now Meassne
%SWWM V.s. DWOF&-MMQ— AT A

TR -88 -236 W’?&’K '
%) v.s. Wg,&mﬂwi Faggcle-d Titnts
MNTIA S’M Pubdocaleaor 94-3(, 1995,

U



L4 waw%%ﬁaﬂm:

CASE A . NOKIA 232 ANALOG (AMPS) PronE
PR=0.bw (TALK PoweR CONSUMPTION) | by BATTERY

CASE B  NOKIA 270 DIGITAL (coMA) PHONE
B=0.2w (TALK PWER consum Prion), GV BATIERY

ENERGY TPER MINUTE OF TALK-TIME !
EA=PAT=@-6W3(QO4“') = 3b W-gee (/Muu r.r-)

Ep=FT = (0.2w)(C0ae) = [R_Woate (/Mw T.7.)

TYPICAL SoLAR PANELS '
1.5y, 500 mA PANEL (6:2cm X (2.0cu) cosT ~ Fgo0!

FoUR. oF THESE WILL ProvIDE L,0y AT 500wmA

IN FULL. SULNMLUIEHT, SIZE Wil BE ABOUVUT ¥ cwmiidewy
bR FUxygr ([~ 6"x 6" AREA)

S5O mA wiLL PRoVIPE A ''Stow CHARGE” 0 THE BATTERY.
WITH A TYPICAL CHARGING EFFICLENCY OF 70%, THE ENEREY

SUPPLIED Tp THE BATIERY N OVE #ouR witl BE,
Ec= &-PT=(07)05)k)60)" = 7560 W-gec .
BESOLTING TALK TIME "
= =3 = Z‘Eé-o—- = = ‘
Ta= Bfey = L2272 = /0 4re ™ LS o

Eofe, = 7560 = &3040 1005 mim
TB.—- Ci/E(b‘ —T.i——- 6 — "

ALL. DATA WAS OBTAINED FROM IANUFACTURERS WEB SITES,
THERE ARE SEVERAL VARIABLES THAT CAMN AFFECT THIS RESULT,
SUCHAS BATTERY TYPE, PHONE TYPE, SOLAR EFFICIENCY, CHARGING-
EFFlCIENCY, AND SUNLIGHT VARIATION WITH TIME AND LOCATION.

MUCH MORE WORK CoULD BE DOMNE OMN THIS PROBLEM,



/.5

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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