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Contained here are solutions for all of the end-of-chapter problems in the third edition of
Microwave Engineering. Some of these problems require the derivation of theoretical results, but
many are design oriented. Some of these problems are easy, while others are lengthy and
challenging. Many of the matching, coupler, filter, and amplifier design problems ask for a CAD
analysis of the final circuit, where it is presumed that the student has access to a microwave CAD
software tool, such as Ansoft’s Serenade, or similar. There are several such packages that are
available for free download on the Internet. The Wiley web site contains Serenade files for the
problems and examples amenable to CAD analysis.

Working problems is a critical part of the learning process for engineering students, and these
problems have been developed to give students practice in applying the basic concepts of
microwave engineering, as well as practice in the analysis and design of practical microwave
circuits and components. These problems can be used as assigned homework problems, exam
problems, or as supplemental problems for students to work out on their own. The present
edition features many new and revised problems, but if additional problems are needed, it should
be easy for the instructor to derive new problems from those given in the text. Also new to this
edition 1s the inclusion of short answers to many of the problems at the back of the text.

The majority of these solutions have been checked with known results, compared with
independent solutions by others or, in the case of design problems, verified by computer
simulation. Such results usually have a check mark to indicate that they have a high (but not
perfect!) likelihood of correctness. Nevertheless, there are undoubtedly some errors that remain,
and the author will be grateful if such mistakes are brought to his attention.

David Pozar
Ambherst
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C MODAL ANALYSIS OF ASYMMETRIC H-PLANE STEP
COMPLEX AM(100;,0M{100,100),PM(100),2KC, ZNA
COMPLEX DET,X0Z0,XN, BTNA, BTKC
DIMENSION LL(100),MM(100)

PI=3.14159265
20=377.

100 write(6,*) ' Enter lambda/a, c¢/a, N:f
READ(6,*) A,C,NE
XLAM=1.
a=1l./a
c=c*a

. XKO0=2.*PI/XLAM

C FILL ARRAYS
BT1A=SQRT (XKO*XK0~{PI/A)**2)
Z1A=XKO0*Z0/BT1A
DO 40 M=1,NE
DO 10 N=1,NE
BTNA=CSQRT ( (1.,0.) *XKO*XKO~ (N*PI/A) **2)
IF(AIMAG (BTNA) .GT.0.) BTNA=-BTNA
ZNA=XK0*Z0/BTNA
OM(M,N)={0.,0.7
IF(M.EQ.N) QM(M,N)=A/2.

DO 50 K=1,NE

BTKC=CSQRT ((1.,0.) *XKO*XK0~ (K*PI/C)**2)

IF(AIMAG (BTKC) .GT.0.) BTKC=-BTKC

ZKC=XK0*Z0/BTKC

OM (M, N) =0M (M, N)+ZKC*2. /C*XI(K,M,A,C) *XI(K,N,A,C)/ZNA

50 CONTINUE

10 CONTINUE
PM(M)={(0.,0.)

IF(M.EQ.1) PM(M)=-A/2.

DO 60 K=1,NE

BTKC=CSQRT ((1.,0.)*XK0O*XKO0~ (K*PI/C)**2)
IF{AIMAG(BTKC) .GT.0.) BTKC=-BTKC

ZKC=XKO0*Z0/BTKC

PM (M) =PM (M) +2ZKC*2. /C*XI (K, M,A,C)*XI(K,1,A,C)/Z1A

60 CONTINUE

40 CONTINUE

C INVERT MATRIX AND COMPUTE A VECTOR (standard matrix inversion)
CALL CMINV(QM,DET, LL,MM, 100, NE)

DO 20 M=1,NE

AM(M)=(0.,0.)
DO 20 N=1,NE
20 AM (M) =AM (M) +OM (M, N} *PM (N}
write(6,*) ' A vector (mag, phase):'

DO 30 N=1,NE
AMM=CABS (AM(N) )
PHS=180.*BTANZ (AIMAG (AM(N) ), REAL{AM{N)})/PI
30 WRITE (6, *) N,AMM, PHS
C COMPUTE REACTANCE
X0Z0={(0.,~1.)* (1. +AM(1}}/ (1.-AM(1)})
XLAMG=2.*PI/BT1A
KN=X0ZO*XLAMG/ (2. *R)
WRITE(6,*) ' c/a=',C/A,'lambda/a=',XLAM/A, '¥n="',6 XN
GOTO 100
200 CALL EXIT
END
FUNCTION XI{(M,N,A,C)
PI=3.14159265
ARGM=PI* (M/C-N/A)
ARGP=PI* (M/C+N/A)
XIP=SIN(ARGP*C) /(2. *ARGP)
XIiM=C/2.
IF (ABS (ARGM) *A.GT.1.E~6) XIM=SIN(ARGM*C)/(2.*ARGM)
XI=XIM~XIP
RETURN
END
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foied anmplilesi Crosi Lo hgn Aelncr
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Su';o'étlé_a.c ; Sy = R./87° , S22 0 ) S22 =0'7Z:éo_b

Faum > 2.0d8 5 QPT-'-o,e:z[/oo" Ry =20

Simee S =0 Mo( [Sull 822l <] w M “L
#odle . The overadd Goin <a, G—TU—GSG-OG—L s s Go=|sy?=
szédB-/ So G-S'f'G-L—'OdB

PLet 21470 WW -ﬁn F=2.0, 205, 2.2, awd 3.048

F(d R) N Ce Re

2.0  0.0134  0.6/[100° .09
2,20 - 0.055  0,59/l00° 0.8
3,00 0.30 OH4BLI00° A Yyp

2,00 0. 0. 62/[l00° 0
%WW CoreFa, it o coelea 7&1 Gs=Gr=0dB !
= - v
GSMAX [.5¢ v éLMﬁx'/‘qé
?s= O. 64 ?/_: 0.5/0
Cs=0.44/60° | CL =0.47/60°
RS :‘O‘QL{‘ KL':O’Q?

Thee G cnelea ane elown WM/V(WW F=adB
M. We chosen [L20.66/105°  [4=0.62/005° . Thum e
shrodd oAown.  F = 2.04d8. The fomal A :
cotedt

0,031

SWC"""‘M WW [Sul=o0. 62, (S =0.67, G = é/o/E
ol F=o.04dp ~ The WMWWWW
Aebpr.
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S - WWWW Pttt 1.1Y
RAA the F= agdamxwmm

N=oldl , Cg =0.643/[1%0° fr -0, 28¢

Now, Gspp=/.56=19348 , GLMX 1.96 = 2,92 d B
BMW poude (S, 8%) o mwmw Fea.508

Gs=15 B 952 0,905 Cs=0.56 [60° Ps= 0. 204
GL=2.5dB 9. =0.907 CL=0.67 L60° RL=0.(63
Ge= 1708 95=0.94¢  (Cg=0.58 (60 Rs=0.149
Gs= [8dB 9520970 Cs = 0.59 [80° Rs=0.1/2

The 6s=/8eB and 6.225dB Circloa are closeTe oplimuin,
(the F=2.58 tocee ctiele). Thue we Uave f5:=0.545/22°
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TMMACLW%%WMWM

WW M/éf»u. Of’dw- ciewdt W |Sul =0, 20,

(S22]=0.28 ) G-= /0387, avd F=2.408 Y. Tha secee any
a@w cinelod arn  gdigum mf,{m%%wwgw
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FOR THE COUVPLED (INE CoUPLERS *

C=0"Y2° = 5,708
ZLeoe ™ 5p /112
s
Zoo=go/:—c -
l+te =/

I

/2] S

4
v
Zoe Zoe
Zoo Zoo
ovr

PARAMETER BEFORE OPT. | AFTER ofT,
FNPUT SECTION STLB LENGTH 0. /oo 0.025A
FNPUT sEcr/on LINE LENGH O T A 019 A
OUTPUT SECTION LINE LENGTH 0,045 d,089.4
OQUTIVT SECTION LINE LENGTH | ©.432, 0. 458\

e




A4 ion - i 17:48:
43715 Ansoft Corporation - Harmonica ® SV 8BS 53 TOTAL Y1

C:\Documents and Settings\Administrator\Desktop\MEProblems\Pri1_16.ckt dB(E11(ekt=TOTAL)
2000
| TOTAL Y1 —torf
dB(S2A (ckt=TOTALY
000
| PEFORE
4 O PTIMIZATION
= .20.00

40,00
| E
|
" a0b 3 4 : .50 50
FREQ [GHz]
fon - i i H
03/4504 Ansoft Corporation - Harmonica ® SV 8.5 7:55:35 TOTAL Y1
C:\Documents and Settings\Administraton\Desktop\MEProblems\Pri1_16.ckt dBE1 (ckt=TOTAL)
20.00
| TOTAL Y1 -oob-o
dB(S21 {ekt=TOTAL)
0.00
AFTER
OPTIMIZATION
- 2000 ‘

£0.00 R e — ‘ A
3,00 350 4.0 4.50 5,
FREQ [GHz]
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+ > Vaz
Vi Zo
— O
c*le R

Ve .
. e
%& > T ©
Ves

 The WM/Z;/M@ Saz o Aol T that g Sy e (16)) -
(1.65) | At MW it at pot 2,

TW%%W&ZLMQM%,WWW

Ve = 72V
Ve = VEVZ
TWon the W 2 M W%%af,ﬂmf;a,

- + - + - - -
V2-= JV'-—;-VAL"""V%:"VBZ_ =Jﬁ.rAVAL+—fi:rBVBZ

= i.— V:U}r@)

s, -Vl e p(efe)

N ~Notg he N, b2
Fao (11.77)) G= _Fwm Bllg (Shlac -e ““{)
L{

(5“343 _ -oéc&)z

%gwfgc Vegd 9’-991 é’N%"ed

= O

b dgly = Nelgly = Ly oy by = N oyl




Aot e Zfi=24: 50,

RA‘ =5, /st =200 , st = 0.35 pF ) gm'-: YO m S

We wae (11:68) awdl (11.71) %W Ag by, &g dol. Thiw e (1.76)

%—Wé:

{ GN=4) | 6(N=8) |G(n=16)
Z 1.9d8 14 0dB 16.548
Y 9.8 3.7 /5.9
8 7.2 2.5 13,4
12 3.4 10.7 2.5 -
{6 1.2 8.4 4.7
/8 L5 7.0 2.2
0 5.7 56 0.2
Gauom, QJ(’-F=IQG-H% . N
N G(dB)
5 7.1
é 7&3
7 7L
8 7.0
7 6!7

SOWMW#N@WZ@ e /l/oﬂf-‘—‘é,
Using (1:77) o Lol Nt dinislly
“7«667:0'/?53
dddf = 0.1a5

Norf = ./_&Aé%’/a/%( «&)

gy - Ay gy

&.33

Py
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Su =0. 76M S|7,=3 08/,2.0 Sz “0-079@5, S2,70.36(-167°
lsp =0-797/4872° | [p=0. W:Léff ) Gp=lode. 5 :16Hz.

MM&% A,a—d\y mﬂ-—,a?mﬁ S ponsamitin :
A-" S;|SZ_Z"$|2_§2_[ - 0.’7‘.5’92[":-20

Y= (-(.Snlz——(Szz.F' 4—Jﬁlz
3151251

Samer |44 anol k>1, The MMW%M
Yy th, graon g sl scsnce: and Lnd il
a«W gree

[s=0.797/187° | n,p-o 49/[./_%5_‘

0.06{ )

=/Jon

8.077,

{‘ 0.135

(s n
Sumee the WMW Ms,Tp ta 1048, tl«evonf«f
P—O’W‘Wzémd_ WMJ

P.A:m = PM‘GP = BO&BM ~-/0 = QOO{B»\.: 700 wm W/ .




CL\O\PT’ZQY‘ WA

Vl gm(Vl'“V:-) . \/q
A
Lot ¢ &
Y. Va — Yy
’ Y
.V3

Wading KCL fo nedea VigVa, Vs, Vy !

VI: (VS“VI)Y.:; + CV?.""’V;)\{| + CVz"'\/,')G‘,{‘ = O

VL: (Vl-“v'l-) Yi + (va “Vz) Yz. + (V;"Vz) G;‘ +JM (VJ—V'.’.)'}'(VJ{'VZ)GB S0
Vst (Vi=Vs) Y3 & (Va-g) V=0

Vy: CVL"ch)G-o —Fm (V,~Vz) =0

Vy (Yi#Ys #6,0) + Ve (<7,7G0) +V3(-Y3) +Vy (o) =0

\/} -Yi-6 '5"’) + Va (Y, # +6}'+6‘-o'fjm) +Va3f-Y2) + Vy 6‘6-0) =0
Vi (-Y3) V2 CYa) + Vg (Y2 +Ys) + V(o) =°
Vi (gm) +V2(~6a~Fm) + Vs(e) +Vy Go =0

wrbuidy, ogrete il e nnaick o2 (2.3).
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@ Facm (12.49),

aw[(‘/f*‘@*&*') B )l:o %’Lﬂ‘%@%

(3M’Y3) (Yz‘f\f3
For o COW. oeellole. | LAt isgWs, o zjtes, 3= R4l s
T s, ,
AeAl] =/ { )( 1)/J (_/ N
[] ch'+R+JaJL5 +6, chz-f/?fjwl-s +lR+J‘wL3)j”‘ -——-—«kﬁw%) P
[‘ + (62 +J““Cf)(ﬂﬁ°"f—3)][’ W6 (RjWL3) + g (R1j0L3) -1 = O

+ §m(RAFs) ~r =0

JWCa 46 +jwC +WC (6 WG R4 wL3) T gm=0

RQ.‘ G‘.{ 'f_jm - wLA_B G‘A‘CZ- *w;C, CZ K =0

OQW'- (A)Cl +6L)C(+'(AJC2G"R‘—‘6()AC(C2L3=O

Cp tCo +Cr G R~ W C Culg =0

w:JC,+C2+C1G4‘R :\)__!.‘(.Lﬂu_.’q + G R -
C Cals BlG ¢ ¢
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@ Fo= 3oMHz | {3':!/0, RB; = koo
Choper Cf =Co= 500 pF . Thum (12:20) ?"“"“‘ L3 aq,
Lz (L + L) = 0. |
3 e ) 4 H

e ——

- _L_(I*'F - L.3 -
R = 2 Cofere, ~ € 5 E

SoWWMQﬁ)

= OJQLB -
Qi = 3.5 Thex C = 500¢F.

Rumay e

@ fo = lOMH3 , R= 305, C=27pF , Co =5.5 pF.

{ =
F oo (12.2 3a) , L= —--;;—-—-—- = ?.L//mH ( 0«%327!"‘0&(&3)
Faow (12.22b) o _CotC -
/ L. ;'Co c ?‘/ oy | ( Cu,; = 27 /OM”;)

%»;ﬁ L v (1223ab) gavee fs= 9990 MKy, fp = 10-05 MHiZ,

ﬁ,awﬂ?ap%bmwﬁz 0.25%, .

Q: %»':20,000.

258




. Farewe (12.29) , 20424, =0 fm/m%

o Zu-To  _ -2u-%0 _ ZutZo | I
L= .

2et3e  Zat 2, Zaa- 2 e
Yt 2 =R+ X , R>0 (POSIIVE  RESISTANCE)

T hen gze/zo SrHx >0

r= 320 . (r-)vg %
8t (ri)+ %

Now Lt 2 = -R+/X , R>0 (NEGATIVE RESISTANOE)
3=+ % , r>o
T hun, Fr=3-1 _-0UH)H X% _ (r+)-y %

3 )k (-

So, -
Ao (=) H X

(r+0+]) X
Mmm MM@F%&WW So
MWWWW (’/uvbéu_ébv

ae Yrx
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Su=09/=/58" | Sarz 261500, $q=0-2[452 | Sga=0.5 /08"

A

i M

TMWWM,&,

Cr=809/45 , Rr>8.28

(&)

Faone (11.3a)
Fo =5, +-225 I+

[-‘SLL FT'

Clrovge T ae that IFI<] andd I, %VZ@,‘?} BO%W»@M/_
e, M alec i M =20.90130° . Thew [ =1L6l/[x2e2°, oo
Z%:‘/JI—J\ZEJ-—-_SO ZL:-E,L{d/_z)*ixxa;\:‘2{?',‘.}'7'5-"“':(0’087‘:;0'[‘5’)50'
W ¢ W/tlmwn «f-b[aw,

(S Fuay. 128 «fnﬁ(;fwmo; o w M)
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e -

Ou won Spommple 124 ) chovae [1=0.6[730° . The [t 20ut, 27,

Ay omd fo ane WWMWWWW
M/M&vw WWW’M\,'@W Son le I . The aZif
MWMM g bs=+/.56, mamw oL Ss= 045N The
MW% S¢= 0/8 0176=0.004 )\,

W thue amelyre the abme cocd o tompule ot 1ereue
T FloHy) | AR/5

| M|
2.0 -0.12¢§ 5.0
FOIR:S ~0.092. 72
2,40 -0,083 9.1
2,26 -0.058 me
4,30 ~0.042. (5.4
234 —-0.0285 (6.5
2.3% -6,00% 3.6
.40 o 1.8
242 0.008 /6.2
2.46 ©.025 2.9 §
2.50 o.042 6.3
2.:60 O .083 4,/
26k o.llo 3.9
270 | 6.)2§ 3,0
T he avneslomtina o%”‘}w-(- dpea mod WUA%:OM%

- P . P .
Tunee w2 et ctsenandt af fo. The “@ Lo ol Aruren, Ham

MWIZLJ' WW%WWW@Z%
&W C{)Mﬁ,m oaeclodol . | ot pe

“‘“”“27‘

26!




I out (magnitude)

Swzh2 4807 | §,s 0.2 H20° Sa1=37[772° | Sz=;3/-67°
Ot son Spommple 124 | rogtiminh |Tut] Sy chuoiing Sullz |

Arane L
[ont = Sg5+ Si2 52 [L
["'SNFL

Thme Lt [L=08[=8° 7. Them [t =/588[2993° ansl

ZM:;O%%_,__ "7.6‘/\7‘[7&,

2r = "%“* ~ Kot =253/ 9% (3T=0.0506—J‘0.033)

Watehuns 2r & the Loaol mprcdanct goree Ay =0-0300 wlh
a WW sty Tomel o 4 Thue dg 20,20\,

Ot the oliectii psorade, [ =1 e Mrs(o.els?)c9PAr =
=0.8 /187 Thue /gr’«’ 0.4583) .
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— /VZ.R

5 - -

—

5.5

[-T1f
(Tot| 4 F wae M/ZMMW

/
PRl

~J

(spnyubew) INO 1

0 0.01 0.02 0.03 0.04 0.05
Aflfg

-0.05 -0.04 -0.03 -0.02 -0.01
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Fer

rFAGERTY/S
F=6dB9, fo=/00MH3 @ =500, Fp=l0dBm=10mW, K=1,
Fo = 50‘&“’*% 5 'Fh =7Co/‘2&=/00‘k“5; Af=F-f

awmwwmﬁww

(a)
(b)

af =l muz, Sg = ~178 A, LImtig)= 181 ABe/Hg
A= j0kly, Sp =—150dB, X(lokig)=—/53 dBe/Hz

10 ¢
-120 |
30 N\

................................

Phase Noise (dBc/Hz)
i @ @ =&
o < < (o]

.................................

-180 |- ...................

1000 10000 100000 1E+006 1E4007
Offset from Center Frequency (Hz)
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Thia colewloilor Ao ttmita. to that of Problen. 1210,
Arud anty, fx = 2004l 3. Pt 2digrn Metowr.

(@) 4f={MHz , S¢ = -177dBm , X (Imug) = —180 B/ 1y
(b) Af=10kHy, Sg=-/ydBm , % (10 Jetty ) = ~147 dBa/Hg.

110 ¢
«120 . },
-130 |

440 Foo

(dBc/Hz)

50 F oo

ise

Phase No
a
22
[

A70 |

180 |- - -

. i A Soondoerdrrb oo L b ) i : . : A . . . .
1000 10000 100000 1E+006 1E+007
Offset from Center Frequency (Hi)

-190
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df C doths deairsel sigrade Loved, T i th
WWM SMMMA{/%
ritic | Z(5) the phoer meie, and B the Ll
me '6/1_(,,\
S
LB XF)

dn dB,
Z(f) = c(dBm) = T(dBm)~S(dB)~ loley(B) . ¥

‘B=(L»QZH%,, sS=80dB, ¢c=T.

Fn,am ((2 50)

X (304Hy)= C ABw) - TllBm) —S(A8) — 104ey (B)
= “800[5-/0—é7 (12xs0%)

= =121 dBm
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Mmdﬁ,ﬁ;o.c. Q;(-MWMM
W §3='¥(+-§z_. Tt all PMW WW
Loept oo W= 21, M0y N=0,m=t | amel nEm=r/ . Sethe

Pie + £, =0

wi Wi+Wg

Pct + Pu =6
wq Wty

Foo 4ourcee of -,Cl, fz2 , we hawe FPlo>0 awd Poy>0. The
P <6, W Frwew at f3 =fi+f2 (m=n=l). Crptwio

G‘c = v
ngA,X—.
you
Vi =
Vg9 -
%MIN—
Va=Vgg Vg e 8

\/% - (V?SM!\*X - \/ﬁ M”\_}} /2- CPE}T\L)

vﬁﬂ :[VSM/}K'&'VaM’NS/?— WG-)

VETVag Vg eI oty drv tre IT
d o

WT%I - Ve ~\;/g% - QVt'"\/ﬁMA% ““VﬁM/'U /

3 VﬁMAX" Vf}/‘um
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Vg ()= Vﬂp[@wlw,_o—wrf;){;-r cre(w, , *Wre) 15]

’U.Z.Oétx: VLO WwL-D ﬁ

% /WMM ol LPF .

Voo (f):f_‘fgﬁﬁ_‘? [ccmwrpﬁ + o wrff]:KVRF Voo O wrp £

ACt):eBrct),, ) /\}“[t)-:o./cﬁ,w,t-w./wowz_z‘.

derel o, e |, e oA e
Jsp 71} V=o At lp=o > d,U'3 e
/‘: _®0 d/(: - . 2 3
- ’ E’}wo > ?(——:‘z.. =9 }d - =a7.
i Av*li=o Aot |ir=o

Se,

4

LEI= 30 +4.50™ + 4507 + -

V=0l [Codlw, t +2lraw, t Coel;yt + g W, ]
= 011+ ¥ W T tLcpmrdit F O (Wt ta) & a0, )¢ ]

3= ool [Cod, 13 CuFWE Crawyt +30mtt Costlin rerdwpt]
=.00l[ & CoadWt + 5 Cocls,t t 2 Cratt+ 3 Coufz - W)t
t 35 (2 H) £+ 2 Lol t + 7 CrelW-2002)t
g Coe (WHLW,)E T g oyt +F o 30, t ]

W T
0 (4-5¥.00 =0.0H5 v
Wy,Wwa (3N +(H.5) 00) (542 ) =p.3101 v
2wy 2w, | (4.5)(0d (L) =0.6225 v
3wy, 3w, | (4.5)-000) (%) Zp-ooll3 v
wikwy | (H.5) .00 ) =0.045 ~
w-wa| (4.5)(000) ' =0.045 -
2wy | (450000 ) =0.003375~
2w, twe | (4.5) [001)(3/4) =0.003375 ~
Wiz Wa| (4:5)(000(3/4) =0 .003375 +
o +2Wz|  (Y-5) (000 (/) =0.003375" ¥

L8




fre = 900 Mb 3

ﬁrr = &0 /MH;

fio® :C;Qrzift,: = 980 MHs 820 Mbs v’

TM/"W"O’}/‘ %‘W %‘L fio = 780 MH3 ux

41/% = fo+ ;I;: ® ‘?ZO +80 = 1040 MH},‘/

The ”"M’?/g‘ W %m./ fLo=820MHz e

’gl/\/\—- JCLO“ -?3;5: =8210-50 = 740 /WvLé. v
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Fald8)] Fe(®*NolB| Fe®2)d B
O 4.0 g0
3 7' 5. g' 3
5 9.7 8.7
/o 4.9 j0.3

| RESULTS ARE PLoTTED BELOW:

G, = 3dB

. G =36dR
F=2dB

FA
CASE 3Rp

Fo=6.3 4+ Faz!
2.0

2dB=2.0

4dB =2.51
FO(B 23,1k
gAR =6.3]

B)
=) .Y - N b
S N O
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