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Frequency measurement procedure of 350 MHz, =0.175, 2-gap spoke cavity

Tsuyoshi Tajima and Alan Shapiro

This memorandum describes how to measure the resonance frequency of the spoke cavity, but most of the principles and methods can be applied to a general measurement.  It is assumed that a person who can use a network analyzer will do this measurement with a network analyzer.  In Appendix A2, measurements and results of the 340 MHz, , 2-gap spoke cavity loaned from ANL are shown as a reference.

Word Definition

Penetration
Distance of a pick-up probe from virtual wall, i.e., the wall when there is no port.  For loop probe, the distance of the furthest tip of the loop from the virtual wall.

Procedure

1. Using an electric coupling on the beam axis.

1.1. Setup of the network analyzer

· Calibrate the network analyzer and the measurement line after connecting an appropriate cable that works at 350 MHz.  Since only S11 measurement will be done, S11 one-port calibration is enough.

· Set measurement as s11.

· Set format to Log-mag.

· Set the center frequency at 350 MHz and span of 5 MHz. (This span should be narrowed to 1 MHz after you find the resonance.)

1.2. Measurement

· Prepare an antenna such as the one shown in Fig. A2-1 that penetrates about 15 mm into the cavity.  The antenna diameter should be as small as possible to reduce the perturbation (See Appendix A1).  When we tested a similar cavity, a convenient size for an N connector was 0.064 inches (1.6 mm).  If possible, the smaller the better.

· Set a temperature sensor on a cavity body such as shown in Fig. A2-4 and monitor and log the temperature every time you measure the frequency.

· Measure the frequency, s11 with a span of 1 MHz and auto-scale, and cavity temperature. If you change measurement format to Smith chart or Polar, you can check if the coupling is over or under couple [2].  If the signal is weak and the frequency changes, use “average” function to get a more accurate frequency.  Figure A2-5 shows an example of what the network analyzer will look like.

· Shorten the antenna penetration by 3 mm and repeat the measurement.  

· Repeat the measurement by shortening the antenna 3 mm each time until the frequency does not change more than 20 kHz.  When the penetration gets close to zero, you may have to shorten the antenna 1 – 2 mm since the signal gets very weak rapidly.

· If you plot frequency against penetration, you will get a plot similar to Fig. A2-7.  Make sure that the frequency gets higher with less penetration and approaches to a fixed value.

1.3. Data needed

· Measurement date, time and location.

· The name of the person who did the measurement

· A table that shows cavity temperature, antenna diameter, antenna penetration, frequency (up to 3 digits after decimal point, i.e., 1 kHz), and s11.

· Plot of the frequency as a function of antenna penetration. (See Fig. A2-7) 

· If it is easy, take data on the temperature dependence similar to Fig. A2-6.  If not easy, use –7.9 kHz/(C to determine the frequency at 21 (C.

· Determined frequency (See below).

1.4. Determination of the frequency

Determine the frequency at 21 (C as follows.

· Take the data with least measurable coupling

· Add the frequency shift by the temperature difference, i.e., (measurement temperature – 21) x (rate per degree C such as “– 7.9 kHz/(C”).

1.5. Iteration with trimming of the cylinder length

If the frequency is different from the requirement, i.e., 349.30 ( 0.2 MHz at 21 (C, you have to trim the cylinder length.  (This assumes that the cylinder is made such that you can trim to adjust the frequency.)


For this iteration, you need not take the same set of data.  You can use the shortest antenna with which you can measure the frequency and measure the frequency once or twice.

2. Using a magnetic coupling around the spoke

This is an alternative to the measurement described above.  This is useful when you do the bead-pull measurement using the beam axis.

You can measure the frequency using the magnetic coupling by inserting a loop coupler through a radial port.  Since there is magnetic field in the azimuthal direction of spoke, if the loop faces normal to this field, one can pick up the signal.

2.1. Setup of the network analyzer

This is the same as Section 1.1.

2.2. Measurement

This is similar to Section 1.2 except the following.  The loop should face the proper direction, i.e., normal to the magnetic field.  Also, the loop probe should be made such that you can retract it.  Figure A2-2 shows an example of such a probe.  Figure A2-8 shows a frequency change as a function of the penetration.  Note that the frequency does not change as much as it did with the axial antenna due to less perturbation.

2.3. Data needed

This is the same as 1.3.

2.4. Determination of frequency

This is the same as 1.4.

2.5. Iteration with trimming of the cylinder length

This is the same as 1.5.
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Appendices

A1. Perturbation with a metal object in the cavity.

The frequency changed due to a metal inside the cavity is described as follows [1].
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where f0 is the resonant frequency without an object inside the cavity.  The second term in the brackets is an integral over the volume removed by the object.  As you can see in (A. 1), if you put a bead on the beam axis in the acceleration gap, frequency becomes lower since there is no magnetic field.  In other words, you can measure the relative field strength by measuring the frequency shifts at different locations of the bead.  This is so-called a bead-pull method.

A2. Measurements on the 340 MHz,  = 0.29, 2-gap ANL spoke cavity

Since we have a similar cavity that was loaned from Argonne National Laboratory (ANL), we tried to measure this cavity to get some data and write this document.

Table 1 summarizes the frequency shifts with temperature change.  The data on the frequency at 4 K was taken from the data during the cold temperature test on 3/29/01.  The rate of change around room temperature was measured by placing the cavity outside the lab, i.e., colder than inside the room.  Since the temperature was not precisely controlled, this data may be quite different from that obtained using a temperature controlled room.

Table 1:  Frequency shift of ANL 340-MHz, 2-gap spoke cavity.

	Frequency shift from 295 K (22 (C) in air to 4 K under vacuum

	+ 402 kHz

	Frequency shift around room temperature
	-7.9 kHz/(C
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Fig.  A2-1: Antenna-type probe connected with an N-type connector.  This will be inserted through an axial port.
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Fig.  A2-2: Loop-type probe.  The loop size is an ellipse of 50 mm x 23 mm.  This will be inserted through a radial port.  To obtain maximum signal, the rotation angle of the loop should be such that the cavity magnetic field lines are normal to the loop.  This loop can be retracted using the bolt and nuts.
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Fig. A2-3: Frequency measurement setup.  S11 measurement with a network analyzer using an antenna probe inserted through an axial port.  Other ports should be properly closed with an aluminum foil or a blank flange.
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Fig. A2-4: Measurement with an antenna-type probe inserted through an axial port.   A temperature sensor is taped on an outside surface near the spoke with a copper tape. Temperature of the cavity has to be monitored since the resonant frequency changes with temperature as shown in Fig. A2-6.
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Fig.  A2-5: A S11 plot using loop-type probe inserted through the side port.
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Fig.  A2-6: Temperature dependence of the frequency.
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Fig. A2-7: Frequency as a function of antenna penetration.
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Loop was an ellipse of 50 mm L x 23 mm W.

Fig. A2-8: Frequency as a function of loop penetration.

� This measurement might not be carried out well with LANL 2-gap spoke cavities since the diameter of the radial port is large and the electro-magnetic field does not attenuate rapidly in the port.


� This includes the frequency shifts due to air, evacuation and cooldown.
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f vs antenna penetration

Penetration (mm)
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Sheet1

		1/30/02

		Antenna diameter 0.032 inches

		T ( C)		antenna length (inches)						f (MHz)		S11 (dB)		coupling beta		antenna dia. (inches)

		22.3		5.1						339.693		-2.4				0.064

		22.2		5						339.718		-1.7				0.064

		22.2		4.8						339.718		-1.5				0.064

		22.3		5.1						339.708		-1.9				0.032

		Loop of 2" x 0.9" oval

		22.3		2.9						339.683		-14.5

		22.3		2.4						339.716		-7.6

		22.3		2						339.728		-4.5

		22.2		1.4						339.733		-2.2

		1/31/02

		T ( C)		antenna length (inches)		penetration (inches)		Penetration (mm)		f (MHz)		S11 (dB)		coupling beta		antenna dia. (inches)

		22.2		5.6		0.67		17.018		339.428		-21.2				0.064

		22.3		5.5		0.57		14.478		339.52		-11				0.064

		22.3		5.4		0.47		11.938		339.601		-5.8				0.064

		22.3		5.3		0.37		9.398		339.658		-3.7				0.064

		22.3		5.2		0.27		6.858		339.686		-2.6				0.064

		22.3		5.1		0.17		4.318		339.7		-2.1				0.064

		22.3		5		0.07		1.778		339.716		-1.8				0.064

		22.3		4.9		-0.03		-0.762		339.724		-1.6				0.064

				4.8						too noisy
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data

		Spoke Cavity Frequency Measurements at Room Temperature

		LANSCE-1

		1/25/02

		date		time		temp. (deg C)		freq. (MHz)		gamma (dB)		gamma		beta		notes

		1/24/02		7:45		22.5		338.7515		6		1.995		0.332		0.032" dia. Antenna, 6 1/8" long on axis

		1/24/02		8:05		22.4		338.875		9.85		3.108		0.513		0.010" dia. Antenna, 6 1/8" long on axis

		1/25/02		7:28		17.1		338.944		8.92		2.793		0.473		0.010" dia. Antenna, 6 1/8" long on axis

		1/25/02		7:32		13.1		338.974		8.89		2.783		0.471		0.010" dia. Antenna, 6 1/8" long on axis

		1/25/02		7:43		5.7		339.02		8.91		2.789		0.472		0.010" dia. Antenna, 6 1/8" long on axis

		1/25/02		7:53		2.4		339.048		8.81		2.757		0.468		0.010" dia. Antenna, 6 1/8" long on axis

		1/25/02		8:01		1.1		339.059		8.72		2.729		0.464		0.010" dia. Antenna, 6 1/8" long on axis

		1/25/02		8:13		-0.9		339.073		8.84		2.767		0.469		0.010" dia. Antenna, 6 1/8" long on axis

		1/25/02		8:35		-2.6		339.085		8.84		2.767		0.469		0.010" dia. Antenna, 6 1/8" long on axis

		1/25/02		8:51		-3.5		339.092		8.82		2.761		0.468		0.010" dia. Antenna, 6 1/8" long on axis
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Measured at 22.2 - 22.3 C

f vs. anntenna length
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f vs antenna penetration
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f vs antenna penetration
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f vs loop penetration 
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Loop was an ellipse of 50 mm L x 23 mm W.

f vs Penetration of loop
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Sheet1

		1/30/02

		Antenna diameter 0.032 inches

		T ( C)		antenna length (inches)						f (MHz)		S11 (dB)		coupling beta		antenna dia. (inches)

		22.3		5.1						339.693		-2.4				0.064

		22.2		5						339.718		-1.7				0.064

		22.2		4.8						339.718		-1.5				0.064

		22.3		5.1						339.708		-1.9				0.032

		Loop of L2"  x W0.9" oval				penetration (inches)		Penetration (mm)

		22.3		2.9		1.868		47.4472		339.683		-14.5

		22.3		2.4		1.368		34.7472		339.716		-7.6

		22.3		2		0.968		24.5872		339.728		-4.5

		22.2		1.4		0.368		9.3472		339.733		-2.2

		1/31/02

		T ( C)		antenna length (inches)		penetration (inches)		Penetration (mm)		f (MHz)		S11 (dB)		coupling beta		antenna dia. (inches)

		22.2		5.6		0.67		17.018		339.428		-21.2				0.064

		22.3		5.5		0.57		14.478		339.52		-11				0.064

		22.3		5.4		0.47		11.938		339.601		-5.8				0.064

		22.3		5.3		0.37		9.398		339.658		-3.7				0.064

		22.3		5.2		0.27		6.858		339.686		-2.6				0.064

		22.3		5.1		0.17		4.318		339.7		-2.1				0.064

		22.3		5		0.07		1.778		339.716		-1.8				0.064

		22.3		4.9		-0.03		-0.762		339.724		-1.6				0.064

				4.8						too noisy
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