Homework 3 solution June 2014 USPAS University of New Mexico

This solution is based on B. Rayhaun’s homework.

Longitudinal dynamics of the ALS

For ' = 1.9 GeV, we will assume that the electrons are essentially going at the speed of
light for some of the calculations. We note that

fo=fop/h=1523 MHz

but also that
fo=¢/C = C=196m

The synchronous phase is given by
Ui
ps = sin~! (—°> — 7.18° = .125 radians
qV

Since we are considering electrons that are highly relativistic, we’ll assume py ~ 1.9 GeV
also. Then the synchrotron frequency is given by

hV
0 = w%i c
Ppo 27 Boc

cos(ps) = Q2 =69229 Hz

where we obtained wy = 27 f calculated above.
The synchrotron tube is given by
Q
vy = — = .0072
wo
For the next part, we assume that o,/py = 1073, Then, we get that

CQ O
OAS = ﬁp_p =6.9 mm
0

Now, we derived ¢, using the voltage, but it actually doesn’t depend on the voltage. It can
be obtained with ¢, = w,sty. So then, we know that oag o< 1/\/7 so that

01/02 = \/72/\/71

Then we get that
01

2
vg:m(-) =63 MV

02

RLC circuits The impedance is given by
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which we can simplify a little to get

1—w?LC 1\ *
Z=(—=
( jo *3)

since we're given that the impedance at the resonant frequency is purely resistive we want
to eliminate the terms involving C' and L. This happens precisely when the numberator of
the first term is 0, or when

1—wilC =0 = wg—\/%_c
so that we have derived the resonant frequency.
The total energy stored is
E= % [Li* + CV?]
The AC voltage at resonance is V' = Asin(wot) so that i = AwyC cos(wpt). Then

1 1
E = 3 [LC? A?wj cos®(wot) + CA? sin®(wot)| = §C’A2
Now, the energy dissipated per radian is the energy dissipated per cycle divided by 2,
le.
1

E
d27r

27 Jwo 1
RAQC2w§/ cos? (wot)dt = §RA202w0
0

so that their ratio is
E 1 VL
E; RCwy, R\C

so that, after invoking duality and swapping R < % and L < C', we get

Q =

_VCR CR _
Q— \/Z —m—woRC

and we can get the other form by
woRC = RVC/VL = RVCL/L = R/(Lwy)

which is the desired answer. Now, the impedance is given by

R—82 4 jur\ R R -1 1
) ()

Z = =
JwLR —JRY + Qs +1

— 1
JjwL  wijwl *

which is the desired answer. We can obtain the approximation by approximating w+wg ~ 2w
which gives us
R R
Z o

14 () T 1205

wwo

where dw 1= w — wy.
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Cavity homework 2

a) We'll assume that v doesn’t change much while it goes through the cavity and that the
particle is essentially nonrelativistic. A particle at this speed will spend 7 = L/v in the RF
cavity. Thus we can obtain the energy it gets as

/2 E 2quE,
W =q Eds = quo/ cos(wt)dt = 700 sin(uﬁf)[/f/2 = 0 Gny
cavity —7/2 w
the energy obtained when the field is constant at peak value is
T/2
W' = qu/ vdt = qEyL

—7/2

Taking the ratio of these two gives us
T =sin(U)/U
as desired.
2qvEo

b) The only place the L appears is in sin(U) in the expression sinU. sin achieves its

max at U = 7/2 which corresponds to

w

L="
w

in our case.



