advanced photon source

RF and Microwave Physics

Solutions to Homework Set#1

Problem 1.
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Problem1 5.
I.CD =DC

-1 2)5 -2) (1 0} (5 -2Y-1 2
-3 503 -1) o 1) (3 -1)\=3 5
I.LEF=FE

1 0 1Y1/2 1/2 -1/2) (1 0 0

1 =100 0 1 |=[010
(41 ool -2 1v2) o

FE

Conceptual RF and Microwave Engineering Fall 2002

ANL



advanced photon source

RF and Microwave Physics

Solutions to Homework Set#1
Problem 2.

(1)

A:(a O]:An:[an 0]
0 b 0 b"

(ii)
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A= ; = first compute A4
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A" = A for nodd
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Problem 2. Solutions to Homework Set#1
- cos® sin0
iii. A=
(— sin® cos GJ
De Moivre's Theorem:[cos0+ jsinB|" = [eje]n = cos(n0)+ j sin(no)
SO (cosnO+ jsinnB)cosO+ jsin®)=cos(n+1)0+ jsin(n+1)0

= ( cosnOcos®—sinnBsin®)+ j(cosnOsin®+cos0Osinnd)

Thus equation of the real and imaginary parts gives us some general trig identities .
Assume inductivel y that

cos 0 sin 0" [ cos no sin n0
—sin©® cos 0O | —sin n® cos nod

(the basis at n =1is free), and then

cos ©  sin @) cos n®  sin n® \( cos ® sin O
(— sin O cos Bj B (— sin n®  cos nej(— sin O cos 6}
cos n®cos O —sin nBsin ®  cos nO sin nO + cos O sin nO
:(—cos nO sin 6 — cos O sin n®  cos nO cos 6 — sin nO sin O j
cos(n+1)0  sin(n+1)0
B (— sin(n+1)0  cos (n + 1)9)
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Problem 3. Solutions to Homework Set#1

We proceed by row operation and factoring
x -6 -1 x-3 -6+2x 3—x

(RI_RZ)
3 -2x x4 — 3 -2x x-4 | =
-2 3x  x-2 -2 3x x-2
(using Cy <~ C, -2C;,C3 < C3+C;)=(x-3)
-2x-6 x-1
=(x-3) g iy :(x—3)(—5x2+x+28
3x+4 x-4

1++/561

Thus the solutions are x =3,— 0
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Problem 4. Solutions to Homework Set#1

f(x)=x3/2 0<x<I1
2

1 1
V=7t_‘.(x3/2)a’x=71:_[x3a’x=E
0 0 4
f(x)=sinx 0<x<m/2
n/2 - L 7'52
V=mn _[Sinzxdx=5[x—cosxsix]g = —
0
(x)———1<x<oo
£ dx 1|7 1
V=Ilm, ., |T——==Iim O{-—} = lim oo(l—jzl
IH { w? Tl PRl p
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Problem 5.
TO = 2
g(t) 27
Wy = Ti =T
f : > 0
-1 +1
1 .7,/2 t 1
ag T_O—To/Zg (¢)dt = jtdt O_1/2
by =0 since g(t)is even
, | , (0 ,n even
1,/2
a,=—"2"" g(t)cosno tdt =2 |tconntdt = [cos(nm)—1] =+ 2
T h/2 0 g n’n’ —(%j ,nodd
1 o0
= o(t) = 5t > a,, cos(nmt) 1+
n=1

| Y i i
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Problem 6. Solutions to Homework Set#1
2 2
K2826=829 O<x<l, t>0
Ox ot
6(0,£)=0, @(L )=0
Ox
00
—(x,0)=0
~ (x0)
_ ox" T x" 1T
0(x,1)=X(x)T(t) = « ;_?: . _Kz}_}L
[ X" =)x
—> < - )
T =x"AT
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RF and Microwave Physics

Problem 6. Solutions to Homework Set#1

BC: 6(0,£)=0= X(0)=0
@(u) =0=X"(1)=0
ox

IC: 0(x0)=X
Z?(x,O) =0= T(0)=0

X"=AX X(0)=0,X'(1)=0

Case 1:7»:[32 > ()
X = Asinh Bx + B cosh Bx
X'"= AP cosh Bx + BP sinh Px
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RF and Microwave Physics

Problem 6. Solutions to Homework Set#1
X(0)=0=B=0

X'(1)=0= A:O}

= X(0) = 0is the only solution for this case since p # 0

Casez:k:—[%2 <0

X = AsinBx+ BcosPx

X(0)=0=B=0

X'= ABcosPx

X'(1)=0= ABcosp=0=>4=0= X(x)=0
or cos3 =0 (sincesinf #0)
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Problem 6. Solutions to Homework Set#1
== 103,
2 2
X(x)= Asin((zn ~n xj,h = —(2n-1)'m n=12...
2 4
Case3: A =0
X=Ax+ B
X(0)=0=B=0

X(x)=0isth | lution.
X’(1)=O:>A=0}:> (x) = 0is the only solution

Summarizing

2_2
X, =4, Sin((Zn;I)nxj’K:—(Zn;I) on=12,..
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( 2 2
% —(2n—1)"m
1, :sznTn =~ ( ) T,
4
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Problem 6. Solutions to Homework Set#1

6, (x.0)= X(x)T ()= A, Sin( (2n . Dl x)dn COS(“@"; L tj
. Sin(@”;l)" xj COS(K@’”’;)“ fj

with p, = 4,d,,
= 0(x,t)= > p, Sin((zn i xJ cos( k(2n - 1)n tj
- 2 2

Apply any unseparated condition : 6(x,0) =

= X(x,0)=x= X(x)= an Si"( = j

n=I

Hence f(x)=x and F,(x)= Sm( (2n=-1)n )
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Problem 6. Solutions to Homework Set#1
Jo Sin((zn i xjdx
2
- Pn = -
j(l) sin’ ((2;1 i xjdx
2

1
We applied the orthogonality condition -[0 F,(x)F, (x)dx=0 for n=m

{(272 j)%ﬁ Si"((zn; " xj (o ; f) . CO‘{(Z”; " xﬂ

1

0

pn: 1

R E e e |
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Problem 6. Solutions to Homework Set#1

e e L A
= 0(x,t)= é o j)z > Sin((z’”’;l)"jsi n(@n;l)ﬂ xjco S(K(2n2—1)ﬂ: tj
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