
Brookhaven National Laboratory 

U.S. Department of Energy
USDOE Office of Science (SC)

Collider Accelerator Department

June 1987

W. Frey

RF BANDWIDTH CONSIDERATIONS VHF BUNCH DILUTION
SYSTEM

BNL-104699-2014-TECH

AGS/AD/Tech Note No. 281;BNL-104699-2014-IR

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  



Accelerator Division 
Alternating Gradient Synchrotron Department 

BROORHAVEN NATIONAL LABORATORY 
Associated Universities, Inc. 

Upton, New Yorlc 11973 

Accelerator Division 
Technical Note 

AGS/AD/Tech. Note No. 281 

RJ? BANDWIDTH CONSIDERATIONS 
VRF BTJNCB DILUTION SYSTEM 

W. Frey 

June 22, 1987 

The bunch dilution cavity will be located in the downstream half 
of the G-10 straight section. It will be a high-Q cavity (de-Q'd when 
rf is off) tuned at a fixed frequency. 
will have a power profile as shown in Figure 1. This rf power will be 
supplied by a modified commercial FM (88 to 108 MHz) power amplifier 
located in the F-18 house. The preliminary bunch dilution phase modu- 
lation function is shown in Figure 2. Preliminary system parameters 
are listed in Table I. 

The rf drive for the cavity 

Table I 
System Parameters 

Frequency . . . . . . . . . . . . . . . . . .  91.56 MHz 
Power delivered to cavity . . . . . . . . . .  20 Kw 
Cavity Q .  . . . . . . . . . . . . . . . . . .  1500 
Power amplifier power output . . . . . . . . .  30 Kw min. 
Power amplifier FM deviation . . . . . . . . .  +75 kBz 
Maximum phase deviation . . . . . . . . . . .  IT 

Power amplifier FM bandwidth . . . . . . . . .  150 kBz 

The output of the power amplifier will be a resonant circuit tuned 
to the same frequency as the cavity. 
cascaded synchronously-tuned equal-bandwidth circuits will be 0.64 the 
individual bandwidths . However, if one of the synchronously tuned 
circuits has a significantly wider bandwidth than the other, the over- 
all bandwidth of the pair will be determined by the narrowest band- 
width. The 3 dB bandwidth of the cavity is: 

The resultant bandwidth of two 

Q = f /Af = fo/BW3dB 
0 

Af = f /Q = 91.56 MHz/1500 = 61.04 kIk 
0 
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The power amplifier bandwidth has been specified at 150 kHz, which is 
much wider than the cavity bandwidth. Thus, the high-Q cavity will be 
the bandwidth limiting device in the system. 

The phase modulated signal, from a low level rf subsystem, will 

Figure 3 illustrates the frequency spectra for a single tone 
generate a series of sideband frequencies determined by the modulation 
index. 
frequencylphase modulated carrier frequency as a function of the modu- 
lation index. 
as : 

The modulation index for phase modulation, mp is defined 

= mp = A$ = maximum phase deviation Aw 
m 'm 

m = - =  
o w  

Where : 
Aw = peak frequency deviation 
w = modulation frequency m 

Figure 4 illustrates the relative amplitude of the carrier fre- 
quency (f ) and the first twelve sideband frequency components as a 
function of mo. Note that the relative amplitudes of the sfdebands 
decrease while the number of sidebands increase as the modulation index 
is increased. Carson's Rule2 states that the required bandwidth to 
transmit at least 98% of the sidebands of frequency or phase modulated 
carrier is (1 f mp) = (1 + A$). 

C 

Carson's Rule: 

BW = 2fm (mp + 1) - 2fm (A$ f 1) 

Where : 
BW = bandwidth 
f = modulating frequency 
A$ = peak phase deviation 
m 

BW = 2(6.7 kHz) (3.14 +1) = 55.5 kHz 

Thus, the sidebands of the phase modulated rf drive signal will occupy 
55.5 kHz/61.04 kHz = 0.91 of the 3 dB bandwidth of the cavity. From 
the universal resonance curve shown in Figure 5, the band edge side- 
bands will be down almost 3 dB from the predicted level. 
estimated 1 dB roll-off at the band edges w i l l  be due to the power 

An additional 
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amplifier bandwidth. 
effect performance of the bunch dilution, since very little power would 
be in these sidebands, refer to Figure 4 for mo = 3.14. 

This band edge sideband reduction should not 

The proposed maximum modulating frequency and peak deviation, 6.7 
kHz and R, have been derived from a mathematical model of the beam 
bunches and the dilution signal. Other combinations of modulation 
frequency and phase deviation will be determined emperically during 
machine studies for the best bunch dilution performance. 
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Angle modulation frequency spectra for sinusoidal modulation, with 
various values of mc The modulation frequency is constant; A 0  or A@ 
are varied to vary m, (From H. J. Relch, H. L. Krauss, and J. G. Skalnik, 
Theory and Applications of Active Devices, Van Nostrand Reinhold 
Company, New York, 1966 
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Universal resonance curve for series reson;trit circiiit. This curve can also 
be applicttf to the p:ir:illcl resonant circuit i ) j r  coiisici(:riiix tlic: vcrtic::tl scalc to rcprc- 
sent t l i c i  ratio of :tc:tii:tl p:Lr:tllel irnp(:d:tr~(:c to tlic:  1 ) : t ~ ~ l l ~ I  i i i i j ) ( : d : t i i u !  :it rt:sori:iriw. 
\\'hen applied to parallcl circuits, the ariglcs S l l ( J \ V i i  i r i  tlic lig urc its Iwdiiig :ire I:tggitig, 
arid vice versa. 
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