/) ) ”"\
INFN juas W cARIENZA

Istituto Nazionale eeeo
di Fisica Nucleare Joint Universities Accelerator School

Introduction to RF:
selected exercises

Andrea Mostacci
University of Rome “La Sapienza” and INFN, ltaly




Transverse Electric Magneticmode | =7

r

. At Y 2

Look for a Transverse Electric Magnetic mode F, =

Start from a TM mode ( vector potential A) H,.=0
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Transverse: Elecfrlc Magneticmgde- ==/

Look for a Transverse Electrlc Magnetlc mode E,=H,=0 = 17 9
y H? vp
Start from a TM mode ( vector potential A) H,.=0
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Single made-operation ofa ‘Amc}taﬁ@lar"ﬁye‘éulde \

State the largest bandwidth of single mode operation  ?
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« EXxercise

Find the smallest ratio a/b allowing the largest yA
bandwidth of single mode operation

W, €
Defining the single mode bandwidth as 0 —

1.25 (fo)1 < f < 0.95 (fe)2 i
Find the single mode BW for WR-90 waveguide (a=22.86mm and b=10.16 mm)
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Single Tg@gﬂperatlon of v rectarfﬁlar vﬁyegu,qf ,

State the largest bandwidth of single mode operation  ?

4 Exercise

Find the smallest ratio a/b allowmg the largest yA
bandwidth of single mode operation

W, €
Defining the single mode bandwidth as 0 —

1.25 (fo)1 < f < 0.95 (fe)2 i
Find the single mode BW for WR-90 waveguide (a=22.86mm and b=10.16 mm)

1 1

1
c — c — =2(/e c —
TE1 0 TEO 1 TE2 0 TEO 1
i |
| : | :
— — >
(fc)l 0 ”’ff’ (fC)Q 0 \\~~
*"’ TEO 1 = TEQ’O ~\\
TEO,l if b > 2a a = 2b TEO’l if b < 2a

Andrea.Mostacci@uniromal.it



L s \/__4-, > - i iy s 1 : ﬁ PR 3
Single mode-operation-of-a’ ar*ec}ta,rf@lar‘ﬁﬂegwq& |
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State the largest bandwidth of single mode operation  ?

4 Exercise

Find the smallest ratio a/b allowing the largest yA
bandwidth of single mode operation

W, €
Defining the single mode bandwidth as 0 —

1.25 (fo)1 < f < 0.95 (fe)2 i
Find the single mode BW for WR-90 waveguide (a=22.86mm and b=10.16 mm)

TELQ TE2,O

| TEO’l
a=0.9 inches b=0.4 inches I | ! >
(fe)1 o (fe)a o

(fe)10 = ¢/2a =3 10%/(2 22.86 107°) = 6.56 GHz

(fe)ao = ¢/a=310%/(22.86 107°) = 13.12 GHz

Single mode BW 6.56 1.25 =82 GHz < f < 124 GHz = 13.12 0.95
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Field pattern:

%

T ET% m(n)is the number of half periods (or
maxima/minima) along the x (y) axis in the cross-
section.

TE11 TE21

[Tl
w
=

£ MHIHM u-:uw&t”inuu \ @ S SUBE T3
paeAss 2444408 0K ey d Yyh v I :;:..::;\i i
rPteeRR P R R R R ara A R O R R N R Pl uNsamsatidpn

Lo 8 B Froob bR nnecrrrdd e Y oY W R EENRIGE B B B

IR RN FAPPARRRRRCCrecrr e dd I LY asa L VNN NS s 7 A K
2rrrrRnN AAPLARR R eerer v d 4 bV S e R GGG
HAI AR AA PP AR R E Tttt e v LN Vi N SRS IR e

BN BN N b de R R OB ol o o oo e o kb o o U SRR B 2 D e e g e

P e e e o T o e e e R R R e
e Hiep b b2 % %t /¥ &t bbbttt R R L} 2 A R N
RN R I R A e et T S e S S S S I ] R prANII s u NNy $ o
ISR RN maa;uu\&i#«rrLge*v«ara&xkttrr LR N N 30 I R RN VI O A O A
NYVI b e O e e S S TR IR S Y P OSRE R i
VAV i i i e rr et = T B L LR e AttsrarnnyibbisenHi
f'f"*f'i““‘““f““*ﬂl RS i&iudttr»u\knhkif tt 24ttt b i ddb i m
R A R R R R N L et S ;4§;4«r~-\««¢¢ff 11 ’;t,A,,ﬂ,; dedddve
$ 4333834838448 842 45w siiiiiiiags WYY 4 - b4

P e aaaaae
P I h/lz;]_
PAATADDBHRS S U Y
PR o e S R R
fPAAARa»s2 Y -
Pt AAm e uut Y [cs e B e e e N s e
P I I RN A ﬂ"' pelfld P RECEDLERRAL F R AN IDBINUN I I NN EECTERRA | e
fﬁf?r—nlibﬁ: ,::::' ::: drrecernRit i assssnN i rrccnnrR (T
kg B AU & 4 « R rernt R b AIIsv v b Vb rreenn il o
:A,‘.‘,,‘¢4‘ A B e N L Heww Ry frarswuy VY ‘&étrﬁxxrz.:
RRARARmeewrd L D e e e o N N ¥ SN N W el PR Y ) frarrnuy R e
RRR R R r vy W S E R E A AL e i e m s o s NN RN KRR KR | o S PrrennY ‘v,,.,", 4 om
SRR . 1 ERRKRR Rl i L B S MU ST NP S S S 3 MR PR $tr-24 % FEIPRN R X Xt
ARB DD DI FT AL D PR R Rttt o i F O O NI WU NS S S 0 3 00 S 3 W S o Loty Pt tJl'vfﬂf B2
R s = D I I T LSS A e B g AR R 0 S AR R S E e SRR R I 2 s “17‘1 tar-ec by Yivvort e
B o o L O ae o o a a o% ¥ P L R O R O PV TP TP TP I I B 0 W A0 ) R Rxnevyyd YoNwasnpt
- IR R R N e e T P PP PR R wx2pde Raxmevd i ddbbhunrapg
e v A e A R R S SRR
» > ¥ * e S L R R R A Y I
B e e o e L R I I PIXAA P LR RS err i AN AR
WS s b b p b P p bbb ap bbb h b F x5 SEUS L S IR P A A U e R R
et AR aauin i dia e She et ¥ =l T X RNBR I L LIl I LY NEREL L L LI Xx]

7 Andrea.Mostacci@uniromal.it



'»-.111

-

Field pattern: (TE mode, rect-WG)=7

———— ¥

T ET# m(n)is the number of half periods (or
maxima/minima) along the x (y) axis in the cross-

section.
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