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Abstract. Electronics for the  237 BPMs in the Fermilab Recycler Ring have been upgraded from a log-amplifier based system to a commercially produced digitizer-digital down converter based system. 

The hardware consists of a pre-amplifier connected to a split-plate BPM, an analog differential receiver-filter module and an 8-channel 80MHz digital down converter VME board. The system produces position and intensity with a dynamic range of 30 dB and a resolution of  +/- 10 microns. The position measurements are made on 2.5 MHz bunched beam and barrier buckets of the un-bunched beam. The digital receiver system operates in one of six different signal processing modes that include 2.5MHz average, 2.5MHz bunch-by-bunch, 2.5MHz narrow band, un-bunched average, un-bunched head/tail and 89kHz narrow band. Receiver data is acquired on any of up to sixteen clock events related to Recycler beam transfers and other machine activities. Data from the digital receiver board are transferred to the front-end CPU for position and intensity computation on an on-demand basis through the VME bus. Data buffers are maintained for each of the acquisition events and support flash, closed orbit and turn-by-turn measurements. A calibration system provides evaluation of the BPM signal path and application programs. 

System Overview:

1. Beam position split-plate capacitive pickups in the beamline vacuum.

2. Signal preamplifiers in the beam enclosure near the beamline.

3. Analog signal receiver (transition modules) and digital signal processing electronics in the service buildings.

4. Timing signal generators.

5. VME based “front-end” data acquisition and control computers and support hardware.

6. Integrated position and intensity calibration system.
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There are 211 BPM locations (104 horizontal, 107 vertical) served by this system in the Recycler Ring and 26 locations in the associated beam lines.

Beam position is determined from the relative amplitude from opposing electrodes in a BPM pick-up.  In this design, the individual A and B signals follow parallel, but independent, signal processing paths from the pick-up through digitization and hardware digital processing. Signal differencing and normalization to obtain beam position information is done in software in the VME CPU.  The accuracy of the BPM system is limited by how well the A and B channel pairs are matched, calibrated, and controlled in gain, offset, and frequency response. The BPM system is required to report the A+B signal sum as well as beam position. 

The BPM signals are a function of pick-up design, beam intensity, the temporal structure of the beam current, and the beam position. BPM system design is thus influenced by each of these parameters. The Recycler functional specification identifies two beam structures (2.5 MHz, and un-bunched) to be measured, the range of beam intensities for each, and the required accuracy for each.  This sets the required scale for determination of signal magnitude dynamic range, bandwidth, and A/B channel matching.  This BPM system uses existing tunnel-to-service building twisted pair cabling with runs ranging from 150 ft to 1300 ft.  Signal attenuation over this range of cable lengths varies by about a factor of six, impacting the overall system dynamic range requirements

Signal digitization and hardware digital processing is performed in EchoTek GC814 VME digital down-converter/digital receiver (DDC) modules. The EchoTek module requires different set-ups for processing signals from the different beam structures and for different measurement modes, e.g. single bunch, head vs. tail, etc.

The Timing Signal Generator interfaces to the Recycler Beam Sync Clock and provides programmable triggers to the EchoTek modules.  This is an Industry Pack (IP) style module that resides on a carrier board on each VME CPU module.

The VME front-end computer receives digital A and B signal data from the EchoTek modules, performs final beam position and intensity (sum) signal processing, controls the numerous aspects of timing and the EchoTek module. It also provides calibration system set-up, and interfaces to ACNET.  

Beams in The Recycler

The BPM system is required to measure proton beams and anti-proton beams. The Recycler has up to three partitions of beam at a time-cold “de-bunched” beam, warm “de-bunched” beam, and injected or to be extracted beam with 2.5 MHz structure.

The 2.5 MHz structure is made up of four bunches in successive 2.5 MHz RF buckets (396 ns spacing). Bunch lengths range from a gaussian sigma of 25 ns to 50 ns. The intensity range for bunched beam is 2.0e10 to 30e10 particles in four bunches. The required absolute position relative to the center of the BPM is +/- 1.0 mm. The relative difference between two measurements on subsequent pulses with stable beam is +/- 0.40 mm.

A partition of de-bunched beam is contained between RF barriers created by a wideband RF system. The width of a typical barrier is 906 ns, it can be as small as 679 ns and as large as 1132 ns. The de-bunched beam has no intentional modulation structure over the length of the bunch. The dynamic range is 20e10 to 400e10 particles for de-bunched beam.
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Hardware Signal Processing Modes

The Recycler BPM system allows selection of one of six signal-processing modes in the EchoTek digital receiver boards. The modes are:

1. 2.5 MHz Ensemble. 

This mode results in measurement of the magnitude of the 2.5 MHz signal integrated over an interval corresponding to about 1.6 microseconds (four 2.5 MHz periods), the full extent of the 4-bunch beam structure. 

2. 2.5 MHz Bunch-by-Bunch .

This mode results in measurement of the magnitude of the 2.5 MHz signal integrated over an interval corresponding to about 0.4 microseconds (one 2.5 MHz period).  The measurement duration is about 1.6 microseconds (four 2.5 MHz periods) allowing measurement of each of the four 2.5 MHz bunches. 

3. 2.5 MHz Narrow Band.

This mode results in measurement of the magnitude of the 2.5 MHz signal integrated over an interval corresponding to about 700 microseconds (about 64 TBD Recycler turns).  

This mode may be used to measure the closed orbit of all beam in the Recycler Ring that generates 2.5 MHz signal frequency components. 

4. Un-bunched Ensemble.

This mode results in measurement of the magnitude of the signal from beam confined in a barrier bucket otherwise lacking intentional modulation. The signal is effectively integrated over an interval corresponding to the full barrier bucket length. The actual EchoTek setup is determined algorithmically based on the barrier bucket length as determined from MDAT, the accelerator data distribution system.

This mode is used to measure the “average” position of the barrier bucket structure beam.

5. Un-bunched Head or Tail.

This mode results in measurement of the magnitude of the signal from beam in the leading or trailing edges of a barrier bucket. The signal is effectively integrated over an interval corresponding to the typical rising or falling time of the barrier bucket beam structure.

This mode measures the position of the head and/or the tail of the barrier bucket structure beam. 

6. 89 kHz Narrow Band.

This mode results in measurement of the magnitude of the 89 kHz signal integrated over an interval corresponding to about 700 microseconds (about 64 Recycler turns).  

This mode is used to measure the closed orbit of all beam in the Recycler Ring that generates 89 kHz signal frequency components. 

PreAmp Design:

Each preamp is a two-channel circuit required to:

1. Receive via coaxial cables and into well-controlled impedances two beam signals (A and B) from the respective BPM electrodes.

2. Provide suitable gain and impedance matching to drive the beam signals on twisted-pair cables to the service buildings.

3. Provide suitable connections and necessary DC isolation from the electronics to apply ion clearing voltages up to 500 volts to the BPM electrodes. 

4. Provide connections, control, and signal conditioning for BPM calibration signals for application to the normal beam signal paths at the preamp inputs.

5. Sustain without damage the peak input signal levels presented by specified beams (e.g. 53 MHz) outside the normal functional range for beam position measurement.

The preamp is designed to present a resistive load impedance of 1.5 kΩ to beam signals from the pick-up electrodes. This resistance coupled with the parallel electrode and coaxial cable capacitance provides a “high-pass” transfer function from beam current to preamp input voltage with a corner frequency of about 1.5 MHz.  The preamplifier is designed for a mid-band voltage gain of about 3.5 with a bandwidth of approximately 23 MHz. The final amplifier stage provides a differential output to drive a 100Ω twisted-pair cable in a balanced fashion. Series resistors provide a back termination for the cable. The preamp is capable of driving a differential voltage up to 3.7 V peak-to-peak on the cable downstream of the back-terminating resistors.

RG58 cables with SMA connectors connect the preamp to the BPM electrodes. The calibration signal waveform is connected to and daisy chained through the preamp on RG58 cables with BNC connectors.  A calibration control signal is connected to and daisy chained through the preamp on RG58 cables with BNC connectors.  Ion clearing voltages connect to and daisy chain through the preamp on RG58 cables with SHV connectors.  A cable with four twisted-pair wires connects the preamp in the tunnel and the Transition Module crate in a service building to carry the preamp A and B output signals from the tunnel and to provide DC power to the preamp. 

Transition Module:

The transition module input is configured using a differential receiver op-amp (AD8130) converting the differential input to a single ended signal. The main function of the transition module is to compensate for cable attenuation, provide an anti-aliasing filter, and normalize the input voltage to use the full dynamic range of the A/D converter.
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The figure on the left shows the range of gains vs. cable lengths needed to normalize the pre-amp signal to 1.1 Vpp at the input of the DDC. The figure on the right shows the attenuation due to cable length on bunches of different sigma_t.

Each of the 6 houses in the ring has 10-12 eight-channel transition modules, their gains were selected based on the cable lengths attenuation. 

· 150 to 400 ft,   G =  2.0

· 400 to 600 ft,   G =  2.5

· 601 to 900 ft,   G = 4.0

· 900 to 1300 ft, G =  6.0
System Frequency Response Measurements: 
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The figure above shows the transfer function of a vertical split plate BPM with the transition module as well as the BPM by itself. The network analyzer drives the wire in the BPM terminated in 50 Ω. The first measurement made was with the BPM plate directly terminated in 50 Ω. Shown as the lower trace as the high pass response. In the second measurement the BPM plate was terminated in 1.5 kΩ at the input of the pre-amp. The measurement was made at the output of the transition module. The upper trace shows the frequency response of the BPM and the corner frequency shifted down in frequency toward 1.5 MHz. 
 Signal Digitization and Processing on EchoTek Board (DDC)

EchoTek GC814 cards have eight independent channels each structured as a set of A/D converter, digital down-converter and FIFO memory elements. Each channel digitizes and filters one of  the A and B beam signals from the transition module at 80 MHz asynchronously. 

Each digital down converter (DDC) device has four channels in parallel of a NCO, CIC filter and two user-programmable LPF. Each channel can produce an I and Q pair as a 16-bit word and stored in the FIFO as one 32-bit longword. The data are transferred to the front-end processor where position and intensity are computed by processing the I and Q pair.

Our system uses two of the four DDC device channels, one channel generates the I term, and the second channel the Q term. This reduces decimation in the CIC filter, increases computation speed, and allows for the design of a fairly wide bandwidth filter. It also allowed us to meet the more narrow bandwidth requirements where high decimation rates were needed in the case of turn averaging.

The DDC programmable filters were setup in asymmetric mode. The first filter stage (CFIR) was coded with an 11 tap gaussian filter with the purpose of reducing data jitter introduced by asynchronous sampling. The second filter (PFIR) was setup as a boxcar averaging filter whose length was determined by the clock rate at the input of the 64 tap filter, the number of taps used, and the period of the data being sampled.

Data transfers between the Echotek board and the front-end processor (MVME 2401) are done under DMA control (DMA32 or DMA64) or direct bus transfers depending on the type of measurement performed. Data transfer rate measurement provide a figure-of-merit determining the number of data points produced at the output of different types of filters as well as set the maximum number of transfers achievable in the most stringent case where data is obtained every turn (turn-by-turn) as opposed to single shot data acquisition mode.

Calibration Signal Distribution

The calibration signal from the Calibration Signal Driver module is attenuated by about 14dB (a factor of five in voltage) down the 1300 ft RG58 calibration signal cables. The signal is locally adjusted to a common level in each preamp by a resistive attenuator network and split equally into A and B channels. Remotely controlled JFET switches connect/disconnect the A and B calibration signal channels to the respective preamp inputs. The A channel contains a JFET controlled attenuator to allow reduction of that signal by a factor of two relative to the B channel. Circuitry in the preamp decodes the –5 to +5 volt state control signal to set the JFET switches as required.  The three calibration circuit states, OFF, ON w/A=B, ON w/
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The calibration signal source impedance presented to each preamp input is approximately 2KΩ. This is suitable to verify the voltage gain of the preamp and the transition module. However, the impedance is low enough to load the 1.5KΩ preamp input and thus provide only a rather insensitive test of the preamp input circuit, i.e. the pick-up and signal cable capacitance and the preamp input impedance. 

To meet the requirements specification, the relative A and B signal amplitudes within a preamp must be controlled to approximately 0.5%.

The calibration application lets the operator do a thorough set of calibration tests, and

generates graphs and reports that let him/her quickly spot problem BPM’s. It does this by taking advantage of the Closed Orbit mode of the BPM Data Acquisition hardware, and the signal generating hardware.  The results are also logged in a database, allowing historical review of any particular BPM's calibration results. To perform a calibration test set, at the operator’s request, we do 6 separate iterations of turning on the signal generation, and then do a Closed Orbit 16-turn reading of that signal.   Each iteration gives us an average position, and RMS error for each BPM.  The six iterations 

consist of three voltage levels with a balanced (1:1) and unbalanced signal (2:1). The operator is then presented with a choice of graphs to examine, or the option of generating a "bad BPM" list. Two graph types provide useful diagnostic information, the un-scaled position graphs, and the A/B ratio graph. In the former, one expects to see the un-scaled position come back with the balanced (1:1) signal reading dead center, and the unbalanced (2:1) signal reading just over 0.3.  Also one expects the RMS error to decrease as the voltage goes up. In the A/B ratio graph, we examine the A/B ratio for 

the balanced(1:1) signal at all three voltages; this shows if we have a different amplification gain between the two channels, which would lead to an intensity-dependent position error. The operator also decides whether to log this run in a database, or save the raw data to a spreadsheet. In this fashion, the application lets the operator do a set of calibration tests, and generates graphs and reports that quickly spot problem BPMs, and usually the type of problem with a glance at the graphs.

Position Error due to Component Noise

The Position error has contributions due to noise in the circuits in the pre-amp, the transition module, and the noise of the A/D converter. The noise of the pre-amp and the transition module can be expressed as power noise density calculated using the following expression:
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The voltage noise density is multiplied by the bandwidth at the final stage to obtain the noise factor that can be added in quadrature with the noise factor of the A/D to be applied in the computation of position noise.

A/D Converter Noise

SNR for a sinusoidal input is the ratio of the RMS signal at the output to the RMS noise excluding harmonics and DC term. If harmonic and DC terms are included, one obtains the term SINAD.
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The effective number of bits, ENOB, reflects the accuracy the A/D will have when digitizing a signal relative to the inherent noise. 

Over-sampling can compensate for loss of bits from the ideal. The increased resolution (R) is given by the expression:
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The A/D RMS voltage noise can be computed from the ratio of the full input RMS voltage to the ratio of the  RMS noise or the ENOB.
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The total noise can be calculated from the expression, 
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The system dynamic range ,
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The position error, 
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making the approximation A=B for beam on-center and since noise is un-correlated 
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 can be substituted in the numerator.
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The factor of 4 is the multiplication of  
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 factor, which is required to convert peak-to-peak voltage at the input of the A/D to RMS.

Numerical  Calculation :
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The 
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factor accounts for noise present beyond the cutoff frequency and it follows the filter attenuation.
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Using equation (1) to compute the A/D noise

SINAD = 75 dB from AD6645 data sheet; 
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then the total RMS noise is given by   
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The largest BPM scale factor in the Recycler is 62 mm per Volt, the number of A/D samples =128 and the number of DDC output samples are 4 after averaging and decimation.
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The position error must be scaled by the difference between the maximum allowed signal and the signal intensity at which the measurements were taken, given that at lower signal levels fractional noise level increases.
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Recycler Ring BPM Measurements:

Turn-by-Turn BPM data shown below was obtained during injection. All horizontal and vertical BPM’s in the ring Data for turns 20 up to turn 50 were fitted to a sine wave, shown as green dots on the plot. The sine wave was extended to earlier and later turns to show the uniformity of measurements before and after the selected turns.
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Histogram of RMS position deviation for vertical and horizontal BPM’s.
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The plot above shows a histogram of the deviation of the measured BPM data (turns 20 to 50) from the fitted sine wave.
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				800		0.218		0.1962		0.00872		0.315		0.1197		0.007875														800		0.39022		5.637845318
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				1200		0.109		0.0981		0.00436		0.184		0.06992		0.0046														1200		0.19511		11.2756906361

				1300		0.094		0.0846		0.00376		0.161		0.06118		0.004025														1300		0.16826		13.0750029716

												Cable Length		Cahnnel Gain		Sigmat 25ns		Sigmat 50ns		Cable Length		Sigmat 25ns		Sigmat 50ns		Cable Length				3.00E+11		3.00E+11		2.00E+10		2.00E+10

				Cable Length		Bunch length		Bunch length		Bunch length		feet				Vo Peak		Vo Peak		feet		Vo 25ns		Vo 50ns		feet		Fixed Gain		25ns		50ns		25ns		50ns

				feet		25ns		50ns		unbunched		100		0.76		0.28		0.12		100		0.012		0.008		100		1		0.7236		0.03216		0.32642		0.021475

				100		0.804		0.859		0.891		200		0.93		0.28		0.13		200		0.012		0.009		200		1		0.5967		0.02652		0.28234		0.018575

				200		0.663		0.743		0.797		300		1.11		0.28		0.13		300		0.012		0.009		300		1		0.4977		0.02212		0.24282		0.015975

				300		0.553		0.639		0.712		400		1.35		0.28		0.14		400		0.012		0.009		400		1		0.4104		0.01824		0.21014		0.013825

				400		0.456		0.553		0.636		500		1.65		0.28		0.15		500		0.012		0.010		500		1		0.3357		0.01492		0.1824		0.012

				500		0.373		0.48		0.57		600		1.98		0.28		0.16		600		0.012		0.010		600		2		0.558		0.0248		0.31464		0.0207

				600		0.31		0.414		0.511		700		2.35		0.28		0.16		700		0.012		0.011		700		2		0.4698		0.02088		0.27512		0.0181

				700		0.261		0.362		0.459		800		2.82		0.28		0.17		800		0.012		0.011		800		2		0.3924		0.01744		0.2394		0.01575

				800		0.218		0.315		0.412		900		3.41		0.28		0.18		900		0.012		0.012		900		3		0.486		0.0216		0.31236		0.02055

				900		0.18		0.274		0.37		1000		3.99		0.28		0.18		1000		0.012		0.012		1000		3		0.4158		0.01848		0.2736		0.018

				1000		0.154		0.24		0.334		1100		4.73		0.28		0.19		1100		0.012		0.012		1100		3		0.351		0.0156		0.23826		0.015675

				1100		0.13		0.209		0.301		1200		5.64		0.28		0.20		1200		0.012		0.013		1200		5		0.4905		0.0218		0.3496		0.023

				1200		0.109		0.184		0.272		1300		6.54		0.28		0.20		1300		0.012		0.013		1300		5		0.423		0.0188		0.3059		0.020125

				1300		0.094		0.161		0.245

												Service Bldg		Service Bldg		Service Bldg		Service Bldg		Service Bldg		Service Bldg		Service Bldg		Service Bldg

												MI-10		1		9		72				14		8

												MI-20		2		11		72		16		14		8

												MI-30		2		12		80		16		14		8

												MI-40		2		10		72		8		14		8

												MI-50		1		9		72				14		8

												MI-60		1		10		80				14		8

				Cable Length		Bunch length		Total Inj Particles		Total Inj Particles		Total Inj Particles								#Bunches		4		4		Unbunched

				feet		unbunched		4.00E+12		2.00E+11		2.00E+11										25ns		50ns

				100		0.891		0.67716		0.025839		0.005346								Tot. Inj Part.		V peak		V peak

				200		0.797		0.60572		0.023113		0.004782								5.00E+11		1.62		0.61		4.00E+12		0.76

				300		0.712		0.54112		0.020648		0.004272								3.00E+11		0.9		0.38		2.00E+11		0.029

				400		0.636		0.48336		0.018444		0.003816								2.00E+11		0.61		0.24		2.00E+11		0.006

				500		0.57		0.4332		0.01653		0.00342								2.00E+10		0.04		0.025

				600		0.511		0.38836		0.014819		0.003066

				700		0.459		0.34884		0.013311		0.002754

				800		0.412		0.31312		0.011948		0.002472

				900		0.37		0.2812		0.01073		0.00222

				1000		0.334		0.25384		0.009686		0.002004

				1100		0.301		0.22876		0.008729		0.001806

				1200		0.272		0.20672		0.007888		0.001632

				1300		0.245		0.1862		0.007105		0.00147

								Unbunched Beam

				Cable Length		Gain		4.00E+12		2.00E+11		2.00E+11

				feet

				100		0.764		0.518		0.020		0.004

				200		0.927		0.561		0.021		0.004

				300		1.111		0.601		0.023		0.005

				400		1.348		0.651		0.025		0.005

				500		1.648		0.714		0.027		0.006

				600		1.982		0.770		0.029		0.006

				700		2.355		0.821		0.031		0.006

				800		2.819		0.883		0.034		0.007

				900		3.414		0.960		0.037		0.008

				1000		3.990		1.013		0.039		0.008

				1100		4.727		1.081		0.041		0.009

				1200		5.638		1.165		0.044		0.009

				1300		6.538		1.217		0.046		0.010
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																						L104, L204 jumpered out
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																						263ohms = 60ln(2/.025)

																						measure thru bpm, preamp, and transition module
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																						l/v = 1nsec								Hor		-62.10
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																						Zp = 50 ohms  Zw = 263 ohms
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																												preamp		3

																						1.5k 105pf		1MHz				transition		1.5		(marked +2db)
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		0.043651		0.043651		0.043651		0.043651		0.043651		0.043651

		0.045708		0.045708		0.045708		0.045708		0.045708		0.045708

		0.047862		0.047862		0.047862		0.047862		0.047862		0.047862

		0.050118		0.050118		0.050118		0.050118		0.050118		0.050118

		0.05248		0.05248		0.05248		0.05248		0.05248		0.05248

		0.054954		0.054954		0.054954		0.054954		0.054954		0.054954

		0.057543		0.057543		0.057543		0.057543		0.057543		0.057543

		0.060255		0.060255		0.060255		0.060255		0.060255		0.060255

		0.063095		0.063095		0.063095		0.063095		0.063095		0.063095

		0.066069		0.066069		0.066069		0.066069		0.066069		0.066069

		0.069183		0.069183		0.069183		0.069183		0.069183		0.069183

		0.072443		0.072443		0.072443		0.072443		0.072443		0.072443

		0.075857		0.075857		0.075857		0.075857		0.075857		0.075857

		0.079432		0.079432		0.079432		0.079432		0.079432		0.079432

		0.083176		0.083176		0.083176		0.083176		0.083176		0.083176

		0.087096		0.087096		0.087096		0.087096		0.087096		0.087096

		0.0912		0.0912		0.0912		0.0912		0.0912		0.0912

		0.095499		0.095499		0.095499		0.095499		0.095499		0.095499

		0.099999		0.099999		0.099999		0.099999		0.099999		0.099999

		0.104712		0.104712		0.104712		0.104712		0.104712		0.104712

		0.109647		0.109647		0.109647		0.109647		0.109647		0.109647

		0.114815		0.114815		0.114815		0.114815		0.114815		0.114815

		0.120226		0.120226		0.120226		0.120226		0.120226		0.120226

		0.125892		0.125892		0.125892		0.125892		0.125892		0.125892

		0.131825		0.131825		0.131825		0.131825		0.131825		0.131825

		0.138038		0.138038		0.138038		0.138038		0.138038		0.138038

		0.144544		0.144544		0.144544		0.144544		0.144544		0.144544

		0.151356		0.151356		0.151356		0.151356		0.151356		0.151356

		0.158489		0.158489		0.158489		0.158489		0.158489		0.158489

		0.165958		0.165958		0.165958		0.165958		0.165958		0.165958

		0.173779		0.173779		0.173779		0.173779		0.173779		0.173779

		0.181969		0.181969		0.181969		0.181969		0.181969		0.181969

		0.190545		0.190545		0.190545		0.190545		0.190545		0.190545

		0.199526		0.199526		0.199526		0.199526		0.199526		0.199526

		0.208929		0.208929		0.208929		0.208929		0.208929		0.208929

		0.218776		0.218776		0.218776		0.218776		0.218776		0.218776

		0.229086		0.229086		0.229086		0.229086		0.229086		0.229086

		0.239882		0.239882		0.239882		0.239882		0.239882		0.239882

		0.251188		0.251188		0.251188		0.251188		0.251188		0.251188

		0.263026		0.263026		0.263026		0.263026		0.263026		0.263026

		0.275422		0.275422		0.275422		0.275422		0.275422		0.275422

		0.288403		0.288403		0.288403		0.288403		0.288403		0.288403

		0.301995		0.301995		0.301995		0.301995		0.301995		0.301995

		0.316227		0.316227		0.316227		0.316227		0.316227		0.316227

		0.33113		0.33113		0.33113		0.33113		0.33113		0.33113

		0.346736		0.346736		0.346736		0.346736		0.346736		0.346736

		0.363077		0.363077		0.363077		0.363077		0.363077		0.363077

		0.380188		0.380188		0.380188		0.380188		0.380188		0.380188

		0.398106		0.398106		0.398106		0.398106		0.398106		0.398106

		0.416869		0.416869		0.416869		0.416869		0.416869		0.416869

		0.436515		0.436515		0.436515		0.436515		0.436515		0.436515

		0.457087		0.457087		0.457087		0.457087		0.457087		0.457087

		0.478629		0.478629		0.478629		0.478629		0.478629		0.478629

		0.501186		0.501186		0.501186		0.501186		0.501186		0.501186

		0.524806		0.524806		0.524806		0.524806		0.524806		0.524806

		0.54954		0.54954		0.54954		0.54954		0.54954		0.54954

		0.575439		0.575439		0.575439		0.575439		0.575439		0.575439

		0.602559		0.602559		0.602559		0.602559		0.602559		0.602559

		0.630956		0.630956		0.630956		0.630956		0.630956		0.630956

		0.660692		0.660692		0.660692		0.660692		0.660692		0.660692

		0.69183		0.69183		0.69183		0.69183		0.69183		0.69183

		0.724435		0.724435		0.724435		0.724435		0.724435		0.724435

		0.758576		0.758576		0.758576		0.758576		0.758576		0.758576

		0.794327		0.794327		0.794327		0.794327		0.794327		0.794327

		0.831763		0.831763		0.831763		0.831763		0.831763		0.831763

		0.870962		0.870962		0.870962		0.870962		0.870962		0.870962

		0.91201		0.91201		0.91201		0.91201		0.91201		0.91201

		0.954991		0.954991		0.954991		0.954991		0.954991		0.954991

		0.999998		0.999998		0.999998		0.999998		0.999998		0.999998

		1.047127		1.047127		1.047127		1.047127		1.047127		1.047127

		1.096477		1.096477		1.096477		1.096477		1.096477		1.096477

		1.148152		1.148152		1.148152		1.148152		1.148152		1.148152

		1.202263		1.202263		1.202263		1.202263		1.202263		1.202263

		1.258923		1.258923		1.258923		1.258923		1.258923		1.258923

		1.318254		1.318254		1.318254		1.318254		1.318254		1.318254

		1.380381		1.380381		1.380381		1.380381		1.380381		1.380381

		1.445437		1.445437		1.445437		1.445437		1.445437		1.445437

		1.513558		1.513558		1.513558		1.513558		1.513558		1.513558

		1.58489		1.58489		1.58489		1.58489		1.58489		1.58489

		1.659584		1.659584		1.659584		1.659584		1.659584		1.659584

		1.7378		1.7378		1.7378		1.7378		1.7378		1.7378

		1.8197		1.8197		1.8197		1.8197		1.8197		1.8197

		1.905457		1.905457		1.905457		1.905457		1.905457		1.905457

		1.995259		1.995259		1.995259		1.995259		1.995259		1.995259

		2.089294		2.089294		2.089294		2.089294		2.089294		2.089294

		2.18776		2.18776		2.18776		2.18776		2.18776		2.18776

		2.290867		2.290867		2.290867		2.290867		2.290867		2.290867

		2.39883		2.39883		2.39883		2.39883		2.39883		2.39883

		2.511883		2.511883		2.511883		2.511883		2.511883		2.511883

		2.630264		2.630264		2.630264		2.630264		2.630264		2.630264

		2.754224		2.754224		2.754224		2.754224		2.754224		2.754224

		2.884027		2.884027		2.884027		2.884027		2.884027		2.884027

		3.019948		3.019948		3.019948		3.019948		3.019948		3.019948

		3.162275		3.162275		3.162275		3.162275		3.162275		3.162275

		3.311309		3.311309		3.311309		3.311309		3.311309		3.311309

		3.467363		3.467363		3.467363		3.467363		3.467363		3.467363

		3.630775		3.630775		3.630775		3.630775		3.630775		3.630775

		3.801885		3.801885		3.801885		3.801885		3.801885		3.801885

		3.981063		3.981063		3.981063		3.981063		3.981063		3.981063

		4.168686		4.168686		4.168686		4.168686		4.168686		4.168686

		4.365152		4.365152		4.365152		4.365152		4.365152		4.365152

		4.570877		4.570877		4.570877		4.570877		4.570877		4.570877

		4.786295		4.786295		4.786295		4.786295		4.786295		4.786295

		5.011866		5.011866		5.011866		5.011866		5.011866		5.011866

		5.248066		5.248066		5.248066		5.248066		5.248066		5.248066

		5.4954		5.4954		5.4954		5.4954		5.4954		5.4954

		5.754381		5.754381		5.754381		5.754381		5.754381		5.754381

		6.025579		6.025579		6.025579		6.025579		6.025579		6.025579

		6.309557		6.309557		6.309557		6.309557		6.309557		6.309557

		6.606922		6.606922		6.606922		6.606922		6.606922		6.606922

		6.918298		6.918298		6.918298		6.918298		6.918298		6.918298

		7.244349		7.244349		7.244349		7.244349		7.244349		7.244349

		7.585769		7.585769		7.585769		7.585769		7.585769		7.585769

		7.943274		7.943274		7.943274		7.943274		7.943274		7.943274

		8.317634		8.317634		8.317634		8.317634		8.317634		8.317634

		8.709624		8.709624		8.709624		8.709624		8.709624		8.709624

		9.120099		9.120099		9.120099		9.120099		9.120099		9.120099

		9.549914		9.549914		9.549914		9.549914		9.549914		9.549914

		9.999987		9.999987		9.999987		9.999987		9.999987		9.999987

		10.471266		10.471266		10.471266		10.471266		10.471266		10.471266

		10.964762		10.964762		10.964762		10.964762		10.964762		10.964762

		11.481518		11.481518		11.481518		11.481518		11.481518		11.481518

		12.022626		12.022626		12.022626		12.022626		12.022626		12.022626

		12.589241		12.589241		12.589241		12.589241		12.589241		12.589241

		13.182558		13.182558		13.182558		13.182558		13.182558		13.182558

		13.803834		13.803834		13.803834		13.803834		13.803834		13.803834

		14.454361		14.454361		14.454361		14.454361		14.454361		14.454361

		15.135575		15.135575		15.135575		15.135575		15.135575		15.135575

		15.848895		15.848895		15.848895		15.848895		15.848895		15.848895

		16.595835		16.595835		16.595835		16.595835		16.595835		16.595835

		17.377981		17.377981		17.377981		17.377981		17.377981		17.377981

		18.196987		18.196987		18.196987		18.196987		18.196987		18.196987

		19.054578		19.054578		19.054578		19.054578		19.054578		19.054578

		19.952595		19.952595		19.952595		19.952595		19.952595		19.952595

		20.892925		20.892925		20.892925		20.892925		20.892925		20.892925

		21.877578		21.877578		21.877578		21.877578		21.877578		21.877578

		22.908603		22.908603		22.908603		22.908603		22.908603		22.908603

		23.988263		23.988263		23.988263		23.988263		23.988263		23.988263

		25.118798		25.118798		25.118798		25.118798		25.118798		25.118798

		26.302621		26.302621		26.302621		26.302621		26.302621		26.302621

		27.542231		27.542231		27.542231		27.542231		27.542231		27.542231

		28.840237		28.840237		28.840237		28.840237		28.840237		28.840237

		30.19944		30.19944		30.19944		30.19944		30.19944		30.19944

		31.622699		31.622699		31.622699		31.622699		31.622699		31.622699

		33.113086		33.113086		33.113086		33.113086		33.113086		33.113086

		34.673623		34.673623		34.673623		34.673623		34.673623		34.673623

		36.307756		36.307756		36.307756		36.307756		36.307756		36.307756

		38.018881		38.018881		38.018881		38.018881		38.018881		38.018881

		39.810662		39.810662		39.810662		39.810662		39.810662		39.810662

		41.686853		41.686853		41.686853		41.686853		41.686853		41.686853

		43.651504		43.651504		43.651504		43.651504		43.651504		43.651504

		45.708732		45.708732		45.708732		45.708732		45.708732		45.708732

		47.862919		47.862919		47.862919		47.862919		47.862919		47.862919

		50.118662		50.118662		50.118662		50.118662		50.118662		50.118662

		52.480691		52.480691		52.480691		52.480691		52.480691		52.480691

		54.954039		54.954039		54.954039		54.954039		54.954039		54.954039

		57.543832		57.543832		57.543832		57.543832		57.543832		57.543832

		60.25579		60.25579		60.25579		60.25579		60.25579		60.25579

		63.09557		63.09557		63.09557		63.09557		63.09557		63.09557

		66.069187		66.069187		66.069187		66.069187		66.069187		66.069187

		69.182973		69.182973		69.182973		69.182973		69.182973		69.182973

		72.443481		72.443481		72.443481		72.443481		72.443481		72.443481

		75.857631		75.857631		75.857631		75.857631		75.857631		75.857631

		79.432699		79.432699		79.432699		79.432699		79.432699		79.432699

		83.176207		83.176207		83.176207		83.176207		83.176207		83.176207

		87.096177		87.096177		87.096177		87.096177		87.096177		87.096177

		91.200893		91.200893		91.200893		91.200893		91.200893		91.200893

		95.498967		95.498967		95.498967		95.498967		95.498967		95.498967

		100		100		100		100		100		100



Horizontal

MHz

S21 [db]

-65.9921

-55.58

-64.7929

-57.5371

-23.0898

-25.5253

-102.0982023727

-68.707

-57.1445

-66.9843

-58.6113

-22.9951

-25.2031

-62.0982023727

-68.1953

-55.8144

-68.1953

-58.0175

-22.7919

-25.039

-22.0982023727

-71.5234

-56.289

-69.8398

-58.7597

-22.7119

-25.0341

-74.5195

-56.6777

-76.1054

-59.0136

-22.6865

-24.9404

-78.0664

-56.5527

-75.7226

-58.4804

-22.6289

-24.8076

-76.0781

-56.1093

-79.7656

-58.6972

-22.5585

-24.7636

-81.582

-56.0644

-81.1757

-58.4121

-22.5146

-24.7011

-82.1132

-55.7128

-85.0937

-58.6777

-22.4843

-24.6572

-91.0664

-55.8164

-86.7382

-57.7851

-22.4179

-24.6328

-87.7851

-55.496

-89.996

-57.6679

-22.3955

-24.5917

-89.2968

-55.1874

-88.3203

-57.5937

-22.3632

-24.538

-88.3984

-54.8242

-90.8046

-57.3164

-22.3339

-24.5019

-94.5078

-54.3671

-94.0937

-56.8847

-22.2871

-24.456

-89.9101

-54.08

-92.8984

-56.4589

-22.2793

-24.4267

-93.1757

-53.75

-89.0585

-56.1503

-22.2548

-24.3837

-93.0273

-53.2695

-97.5898

-55.7929

-22.2255

-24.3525

-93.1992

-52.9765

-93.0976

-55.4843

-22.1875

-24.3076

-93.1992

-52.6113

-90.1562

-55.041

-22.1591

-24.2734

-97.8398

-52.1855

-90.9492

-54.6445

-22.1279

-24.246

-93.6914

-51.748

-92.1796

-54.2851

-22.0878

-24.206

-93.539

-51.416

-90.7421

-53.8535

-22.0693

-24.1806

-92.832

-50.9785

-89.8984

-53.4472

-22.04

-24.1523

-92.4414

-50.5703

-88.582

-53.0273

-22.0039

-24.123

-90.4218

-50.1425

-94.3984

-52.6425

-21.9892

-24.0898

-94.0742

-49.789

-90.1679

-52.2031

-21.9492

-24.0703

-93.4453

-49.3496

-87.6211

-51.8046

-21.9287

-24.038

-91.6054

-48.9472

-89.3945

-51.3789

-21.9082

-24.0117

-90.3554

-48.5078

-90.7265

-50.9511

-21.8857

-23.998

-89.9335

-48.08

-90.6289

-50.5312

-21.8652

-23.9775

-92.0585

-47.6367

-89.1288

-50.0683

-21.8457

-23.9404

-90.8007

-47.2168

-88.0468

-49.6542

-21.8261

-23.9209

-91.4179

-46.7832

-88.9296

-49.2324

-21.8066

-23.9072

-89.9101

-46.3515

-87.2109

-48.789

-21.7968

-23.8886

-89.8984

-45.9199

-87.5976

-48.3945

-21.7822

-23.8681

-89.039

-45.4902

-86.8164

-47.9238

-21.7587

-23.8505

-88.4648

-45.0488

-86.8945

-47.498

-21.747

-23.8349

-89.1406

-44.625

-86.4921

-47.0585

-21.7343

-23.8212

-88.1601

-44.1953

-86.1249

-46.6074

-21.7226

-23.8076

-87.8945

-43.7539

-85.4609

-46.1875

-21.7138

-23.7959

-86.9453

-43.3222

-85.0078

-45.748

-21.6962

-23.7822

-86.9492

-42.8945

-84.3789

-45.3281

-21.6943

-23.7773

-86.6093

-42.4609

-83.9765

-44.8886

-21.6816

-23.7636

-86.4531

-42.039

-83.7148

-44.4707

-21.6748

-23.7548

-85.8515

-41.6113

-83.414

-44.0449

-21.6669

-23.7451

-85.3125

-41.1875

-82.8945

-43.6191

-21.6591

-23.7353

-84.5781

-40.7597

-82.4843

-43.1933

-21.6513

-23.7353

-84.6562

-40.3437

-82.2617

-42.7714

-21.6396

-23.7207

-83.8828

-39.9277

-81.9921

-42.3554

-21.6376

-23.7187

-83.8163

-39.5117

-81.4843

-41.9374

-21.6289

-23.7119

-83.2773

-39.0996

-81.2695

-41.5234

-21.6064

-23.706

-82.9257

-38.6835

-80.6601

-41.1132

-21.625

-23.7021

-82.6406

-38.2753

-80.1718

-40.7011

-21.6162

-23.6953

-82.2578

-37.8671

-79.8554

-40.2929

-21.582

-23.6875

-81.8046

-37.4609

-79.5507

-39.8847

-21.5947

-23.6855

-81.3398

-37.0566

-79.1484

-39.4804

-21.6074

-23.6835

-81.0859

-36.6562

-78.6406

-39.0781

-21.6005

-23.6787

-80.4726

-36.25

-78.2187

-38.6796

-21.5947

-23.6787

-80.289

-35.8437

-77.9531

-38.2753

-21.5839

-23.6748

-79.7851

-35.4453

-77.3359

-37.873

-21.5878

-23.6689

-79.5234

-35.0546

-76.996

-37.4785

-21.5839

-23.663

-79.0156

-34.6582

-76.6875

-37.0839

-21.5849

-23.6591

-78.5625

-34.2734

-76.2031

-36.6914

-21.5771

-23.6591

-78.1132

-33.8769

-75.8085

-36.2988

-21.5693

-23.6533

-77.7382

-33.4863

-75.5234

-35.9062

-21.5937

-23.6572

-77.4648

-33.0957

-74.9453

-35.5175

-21.5751

-23.6542

-77.0078

-32.7226

-74.5351

-35.121

-21.5771

-23.6513

-76.5

-32.3242

-74.1796

-34.7402

-21.5771

-23.6503

-76.1718

-31.9453

-73.789

-34.3554

-21.5625

-23.6416

-75.7812

-31.5712

-73.2929

-33.9785

-21.5683

-23.6445

-75.3789

-31.1982

-72.9921

-33.6054

-21.5693

-23.6406

-74.9882

-30.8339

-72.5703

-33.2246

-21.5576

-23.6416

-74.5546

-30.4667

-72.1875

-32.8574

-21.5654

-23.6435

-74.2148

-30.1044

-71.8046

-32.4843

-21.5664

-23.6435

-73.5781

-29.457

-71.1015

-31.8496

-21.5478

-23.6337

-73.2031

-29.1171

-70.75

-31.4882

-21.5634

-23.6367

-72.7539

-28.7773

-70.371

-31.1494

-21.5664

-23.6328

-72.3554

-28.4375

-69.9453

-30.8066

-21.5595

-23.6347

-71.9257

-28.1123

-69.6054

-30.4785

-21.5585

-23.6289

-71.6054

-27.7861

-69.1835

-30.1474

-21.5546

-23.6289

-71.2265

-27.4628

-68.8203

-29.8193

-21.5546

-23.6298

-70.7578

-27.1474

-68.4218

-29.5

-21.5615

-23.6298

-70.3867

-26.8417

-68.0234

-29.1816

-21.5537

-23.6318

-69.9843

-26.5312

-67.6132

-28.8701

-21.5546

-23.6289

-69.6445

-26.2334

-67.2031

-28.5722

-21.5566

-23.6269

-69.2421

-25.9462

-66.8359

-28.2773

-21.5595

-23.6269

-68.8203

-25.6562

-66.4296

-27.9785

-21.5556

-23.625

-68.4296

-25.3828

-66.0273

-27.708

-21.5546

-23.6269

-68.0429

-25.1181

-65.6523

-27.4248

-21.5488

-23.6191

-67.6406

-24.8417

-65.246

-27.1455

-21.5478

-23.623

-67.2539

-24.5888

-64.8593

-26.8886

-21.5673

-23.623

-66.8554

-24.3535

-64.4453

-26.6396

-21.5507

-23.623

-66.457

-24.1113

-64.0546

-26.3857

-21.5419

-23.6201

-66.0625

-23.8857

-63.6582

-26.1562

-21.5507

-23.6181

-65.6757

-23.665

-63.2656

-25.9277

-21.5439

-23.6181

-65.2734

-23.4521

-62.8691

-25.707

-21.5546

-23.6191

-64.8476

-23.249

-62.4746

-25.496

-21.5488

-23.6142

-64.4648

-23.0537

-62.0722

-25.2919

-21.5419

-23.6181

-64.1132

-22.8779

-61.6816

-25.1093

-21.5478

-23.6152

-63.6738

-22.6943

-61.2773

-24.9209

-21.5517

-23.6142

-63.2851

-22.5283

-60.8789

-24.7441

-21.5449

-23.6132

-62.8925

-22.3691

-60.4843

-24.583

-21.5468

-23.6093

-62.4667

-22.2255

-60.0898

-24.4238

-21.5546

-23.6142

-62.0624

-22.0791

-59.6953

-24.2744

-21.5537

-23.6142

-61.6699

-21.9482

-59.3007

-24.1357

-21.5498

-23.6093

-61.2949

-21.8222

-58.8886

-24.0048

-21.5468

-23.6103

-60.8906

-21.7021

-58.4902

-23.8798

-21.5556

-23.6103

-60.4667

-21.5908

-58.1035

-23.7626

-21.5449

-23.6093

-60.0957

-21.4921

-57.6992

-23.6523

-21.5488

-23.6123

-59.6855

-21.3916

-57.2988

-23.5478

-21.5625

-23.6093

-59.2695

-21.2978

-56.8945

-23.4482

-21.5556

-23.6084

-58.875

-21.2099

-56.5097

-23.3544

-21.5507

-23.6064

-58.4765

-21.1259

-56.0957

-23.2675

-21.5488

-23.6054

-58.0781

-21.0498

-55.6914

-23.1826

-21.5507

-23.6054

-57.6542

-20.9775

-55.2968

-23.1054

-21.5537

-23.6044

-57.2558

-20.9062

-54.8867

-23.0312

-21.5585

-23.6064

-56.8339

-20.8349

-54.4785

-22.9531

-21.5615

-23.6035

-56.4179

-20.7724

-54.0605

-22.8818

-21.5566

-23.6044

-56.0058

-20.7021

-53.6445

-22.8095

-21.5644

-23.6064

-55.5722

-20.6201

-53.2167

-22.7236

-21.5771

-23.6064

-55.1132

-20.5136

-52.7558

-22.6162

-21.5898

-23.6123

-54.3203

-20.0966

-51.9707

-22.1914

-21.5839

-23.6132

-53.875

-20.0087

-51.5332

-22.0976

-21.5703

-23.6113

-53.4863

-19.9931

-51.1542

-22.0712

-21.5869

-23.6113

-53.0937

-19.9589

-50.7597

-22.0361

-21.5927

-23.6113

-52.7519

-19.9794

-50.4179

-22.0566

-21.5898

-23.6093

-52.1523

-19.7382

-49.8203

-21.8144

-21.6044

-23.6123

-51.7656

-19.7158

-49.4374

-21.7812

-21.5966

-23.6103

-51.3593

-19.7226

-49.0527

-21.7744

-21.6103

-23.6142

-50.9785

-19.7109

-48.6738

-21.7539

-21.6113

-23.6162

-50.6347

-19.7275

-48.332

-21.7714

-21.6279

-23.6191

-50.2832

-19.7734

-48

-21.8056

-21.6328

-23.621

-49.9394

-19.8027

-47.664

-21.8339

-21.6445

-23.622

-49.5859

-19.8222

-47.3164

-21.8466

-21.6425

-23.6181

-49.2226

-19.8457

-46.9687

-21.8574

-21.6533

-23.623

-48.8535

-19.8515

-46.6074

-21.8554

-21.664

-23.6191

-48.4785

-19.8632

-46.2519

-21.8603

-21.6923

-23.6318

-48.1015

-19.8632

-45.8769

-21.8496

-21.6933

-23.6279

-47.7168

-19.8681

-45.5097

-21.8457

-21.7099

-23.6298

-47.3183

-19.8574

-45.1308

-21.8222

-21.7158

-23.6337

-46.9179

-19.8447

-44.746

-21.8007

-21.7363

-23.6337

-46.5136

-19.8359

-44.3613

-21.7763

-21.7421

-23.6328

-46.1074

-19.8242

-43.9746

-21.7529

-21.7656

-23.6386

-45.6855

-19.8105

-43.58

-21.7246

-21.7919

-23.6435

-45.2675

-19.7949

-43.1835

-21.6914

-21.8095

-23.6455

-44.8398

-19.791

-42.7792

-21.664

-21.8408

-23.6562

-44.4121

-19.7861

-42.375

-21.6435

-21.8642

-23.664

-43.9668

-19.7959

-41.9667

-21.6279

-21.9003

-23.6787

-43.5351

-19.8222

-41.5664

-21.6318

-21.9511

-23.7021

-43.0957

-19.875

-41.1582

-21.6582

-22.0117

-23.7363

-42.6425

-19.958

-40.748

-21.7138

-22.083

-23.7793

-42.1914

-20.0869

-40.3418

-21.8115

-22.1914

-23.8447

-41.7343

-20.2695

-39.9296

-21.9658

-22.3105

-23.9267

-41.2793

-20.5283

-39.5214

-22.1865

-22.4628

-24.0439

-40.8144

-20.875

-39.1132

-22.5

-22.664

-24.2021

-40.3496

-21.3369

-38.7031

-22.9248

-22.9218

-24.4179

-39.8789

-21.9365

-38.2949

-23.4843

-23.2441

-24.6972

-39.4003

-22.6884

-37.8828

-24.1962

-23.6484

-25.0566

-38.9179

-23.6181

-37.4648

-25.0791

-24.1533

-25.5117

-38.4238

-24.7255

-37.0507

-26.1484

-24.7695

-26.0781

-37.9179

-26.0234

-36.625

-27.4052

-25.4882

-26.748

-37.4042

-27.5322

-36.2031

-28.8583

-26.3418

-27.5234

-36.9453

-29.2617

-35.832

-30.5361

-27.2812

-28.3916

-36.4609

-31.1552

-35.4511

-32.3847

-28.3095

-29.3486

-35.9902

-33.1972

-35.0683

-34.3652

-29.4306

-30.3964

-35.4843

-35.3593

-34.6796

-36.4628

-30.6289

-31.5146

-34.9804

-37.6347

-34.2949

-38.6757

-31.8857

-32.6757

-34.455

-39.998

-33.8886

-40.9746

-33.2011

-33.9023

-33.9355

-42.4453

-33.498

-43.3613

-34.5546

-35.1503

-33.4082

-44.9707

-33.1113

-45.8222

-35.955

-36.4394

-32.8789

-47.5859

-32.7167

-48.3613

-37.3867

-37.75

-32.3496

-50.2929

-32.3417

-50.9882

-38.8632

-39.1015

-31.8251

-53.082

-31.9707

-53.7187

-40.3808

-40.4804

-31.3066

-55.9531

-31.6074

-56.5683

-41.9374

-41.9023

-30.7988

-59.0097

-31.2685

-59.5507

-43.5683

-43.4003

-30.2607

-62.2128

-30.9062

-62.666

-45.3105

-44.9492

-29.7666

-65.539

-30.5947

-66.0976

-47.0878

-46.6074

-29.2812

-69.3281

-30.2871

-69.8867

-49.0566

-48.3984

-28.8056

-73.3398

-29.9912

-73.996

-51.2285

-50.25

-28.3261

-77.3515

-29.7109

-78.3867

-53.4824

-52.3593

-27.8613

-82.9101

-29.4365

-84.3359

-56.0546

-54.5937

-27.4003

-87.9414

-29.1699

-91.246

-58.7968

-57.2988

-26.9462

-93.8632

-28.9267

-100.644

-62.3886

-60.3437

-26.5107

-103.175

-28.6806

-108.628

-66.1757

-63.6406

-26.0751

-102.054

-28.4453

-112.289

-70.5039

-68.4257

-25.6435

-123.71

-28.2216

-110.367

-77.9609

-75.1718

-25.2226

-109.793

-27.998

-117.191

-96.8046

-92.5625

-24.7988

-107.078

-27.7734

-102.636

-80.6679

-80.4687

-24.3818

-99.3593

-27.5546

-97.1406

-77.3398

-73.8789

-23.9794

-104.335

-27.3369

-96.4531

-73.9765

-71.8984

-23.4335

-100.898

-27.0185

-95.9921

-74.375

-70.0273

-23.0429

-107.371

-26.791

-93.9687

-72.0156

-68.6484

-22.6494

-100.863

-26.5878

-92.9648

-72.0156

-67.4726

-22.2959

-95.6367

-26.4619

-92.8867

-72.0351

-68.1171

-21.8935

-96.7421

-26.2617

-90.3085

-72.4648

-67.0664

-21.4843

-94.7031

-26.0449

-88.5703

-71.0273

-66.4374

-21.0791

-91.164

-25.7626

-86.3203

-72.1757

-66.8867

-20.5908

-90.2304

-25.4834

-86.5273

-72.7734

-67.4257

-20.0839

-93.6679

-25.1416

-87.2109

-72.6523

-68.4023

-19.5673

-99.6835

-24.788

-90.0546

-77.1601

-71.2539

-19.0498

-98.7929

-24.4209

-91.1679

-77.1367

-72.4375



amp

		0.01		0.01		0.01		0.01

		0.010471		0.010471		0.010471		100

		0.010964		0.010964		0.010964

		0.011481		0.011481		0.011481

		0.012022		0.012022		0.012022

		0.012589		0.012589		0.012589

		0.013182		0.013182		0.013182

		0.013803		0.013803		0.013803

		0.014454		0.014454		0.014454

		0.015135		0.015135		0.015135

		0.015848		0.015848		0.015848

		0.016595		0.016595		0.016595

		0.017378		0.017378		0.017378

		0.018197		0.018197		0.018197

		0.019054		0.019054		0.019054

		0.019952		0.019952		0.019952

		0.020892		0.020892		0.020892

		0.021877		0.021877		0.021877

		0.022908		0.022908		0.022908

		0.023988		0.023988		0.023988

		0.025118		0.025118		0.025118

		0.026302		0.026302		0.026302

		0.027542		0.027542		0.027542

		0.02884		0.02884		0.02884

		0.030199		0.030199		0.030199

		0.031622		0.031622		0.031622

		0.033113		0.033113		0.033113

		0.034673		0.034673		0.034673

		0.036307		0.036307		0.036307

		0.038018		0.038018		0.038018

		0.03981		0.03981		0.03981

		0.041686		0.041686		0.041686

		0.043651		0.043651		0.043651

		0.045708		0.045708		0.045708

		0.047862		0.047862		0.047862

		0.050118		0.050118		0.050118

		0.05248		0.05248		0.05248

		0.054954		0.054954		0.054954

		0.057543		0.057543		0.057543

		0.060255		0.060255		0.060255

		0.063095		0.063095		0.063095

		0.066069		0.066069		0.066069

		0.069183		0.069183		0.069183

		0.072443		0.072443		0.072443

		0.075857		0.075857		0.075857

		0.079432		0.079432		0.079432

		0.083176		0.083176		0.083176

		0.087096		0.087096		0.087096

		0.0912		0.0912		0.0912

		0.095499		0.095499		0.095499

		0.099999		0.099999		0.099999

		0.104712		0.104712		0.104712

		0.109647		0.109647		0.109647

		0.114815		0.114815		0.114815

		0.120226		0.120226		0.120226

		0.125892		0.125892		0.125892

		0.131825		0.131825		0.131825

		0.138038		0.138038		0.138038

		0.144544		0.144544		0.144544

		0.151356		0.151356		0.151356

		0.158489		0.158489		0.158489

		0.165958		0.165958		0.165958

		0.173779		0.173779		0.173779

		0.181969		0.181969		0.181969

		0.190545		0.190545		0.190545

		0.199526		0.199526		0.199526

		0.208929		0.208929		0.208929

		0.218776		0.218776		0.218776

		0.229086		0.229086		0.229086

		0.239882		0.239882		0.239882

		0.251188		0.251188		0.251188

		0.263026		0.263026		0.263026

		0.275422		0.275422		0.275422

		0.288403		0.288403		0.288403

		0.301995		0.301995		0.301995

		0.316227		0.316227		0.316227

		0.33113		0.33113		0.33113

		0.346736		0.346736		0.346736

		0.363077		0.363077		0.363077

		0.380188		0.380188		0.380188

		0.398106		0.398106		0.398106

		0.416869		0.416869		0.416869

		0.436515		0.436515		0.436515

		0.457087		0.457087		0.457087

		0.478629		0.478629		0.478629

		0.501186		0.501186		0.501186

		0.524806		0.524806		0.524806

		0.54954		0.54954		0.54954

		0.575439		0.575439		0.575439

		0.602559		0.602559		0.602559

		0.630956		0.630956		0.630956

		0.660692		0.660692		0.660692

		0.69183		0.69183		0.69183

		0.724435		0.724435		0.724435

		0.758576		0.758576		0.758576

		0.794327		0.794327		0.794327

		0.831763		0.831763		0.831763

		0.870962		0.870962		0.870962

		0.91201		0.91201		0.91201

		0.954991		0.954991		0.954991

		0.999998		0.999998		0.999998

		1.047127		1.047127		1.047127

		1.096477		1.096477		1.096477

		1.148152		1.148152		1.148152

		1.202263		1.202263		1.202263

		1.258923		1.258923		1.258923

		1.318254		1.318254		1.318254

		1.380381		1.380381		1.380381

		1.445437		1.445437		1.445437

		1.513558		1.513558		1.513558

		1.58489		1.58489		1.58489

		1.659584		1.659584		1.659584

		1.7378		1.7378		1.7378

		1.8197		1.8197		1.8197

		1.905457		1.905457		1.905457

		1.995259		1.995259		1.995259

		2.089294		2.089294		2.089294

		2.18776		2.18776		2.18776

		2.290867		2.290867		2.290867

		2.39883		2.39883		2.39883

		2.511883		2.511883		2.511883

		2.630264		2.630264		2.630264

		2.754224		2.754224		2.754224

		2.884027		2.884027		2.884027

		3.019948		3.019948		3.019948

		3.162275		3.162275		3.162275

		3.311309		3.311309		3.311309

		3.467363		3.467363		3.467363

		3.630775		3.630775		3.630775

		3.801885		3.801885		3.801885

		3.981063		3.981063		3.981063

		4.168686		4.168686		4.168686

		4.365152		4.365152		4.365152

		4.570877		4.570877		4.570877

		4.786295		4.786295		4.786295

		5.011866		5.011866		5.011866

		5.248066		5.248066		5.248066

		5.4954		5.4954		5.4954

		5.754381		5.754381		5.754381

		6.025579		6.025579		6.025579

		6.309557		6.309557		6.309557

		6.606922		6.606922		6.606922

		6.918298		6.918298		6.918298

		7.244349		7.244349		7.244349

		7.585769		7.585769		7.585769

		7.943274		7.943274		7.943274

		8.317634		8.317634		8.317634

		8.709624		8.709624		8.709624

		9.120099		9.120099		9.120099

		9.549914		9.549914		9.549914

		9.999987		9.999987		9.999987

		10.471266		10.471266		10.471266

		10.964762		10.964762		10.964762

		11.481518		11.481518		11.481518

		12.022626		12.022626		12.022626

		12.589241		12.589241		12.589241

		13.182558		13.182558		13.182558

		13.803834		13.803834		13.803834

		14.454361		14.454361		14.454361

		15.135575		15.135575		15.135575

		15.848895		15.848895		15.848895

		16.595835		16.595835		16.595835

		17.377981		17.377981		17.377981

		18.196987		18.196987		18.196987

		19.054578		19.054578		19.054578

		19.952595		19.952595		19.952595

		20.892925		20.892925		20.892925

		21.877578		21.877578		21.877578

		22.908603		22.908603		22.908603

		23.988263		23.988263		23.988263

		25.118798		25.118798		25.118798

		26.302621		26.302621		26.302621

		27.542231		27.542231		27.542231

		28.840237		28.840237		28.840237

		30.19944		30.19944		30.19944

		31.622699		31.622699		31.622699

		33.113086		33.113086		33.113086

		34.673623		34.673623		34.673623

		36.307756		36.307756		36.307756

		38.018881		38.018881		38.018881

		39.810662		39.810662		39.810662

		41.686853		41.686853		41.686853

		43.651504		43.651504		43.651504

		45.708732		45.708732		45.708732

		47.862919		47.862919		47.862919

		50.118662		50.118662		50.118662

		52.480691		52.480691		52.480691

		54.954039		54.954039		54.954039

		57.543832		57.543832		57.543832

		60.25579		60.25579		60.25579

		63.09557		63.09557		63.09557

		66.069187		66.069187		66.069187

		69.182973		69.182973		69.182973

		72.443481		72.443481		72.443481

		75.857631		75.857631		75.857631

		79.432699		79.432699		79.432699

		83.176207		83.176207		83.176207

		87.096177		87.096177		87.096177

		91.200893		91.200893		91.200893

		95.498967		95.498967		95.498967

		100		100		100



MHz

S21 [db]

9.11816

9.02002

13.3490590578

9.32128

9.21289

13.3490590578

9.59521

9.47851

9.7246

9.63378

9.88818

9.80664

10.0092

9.93798

10.0957

10.0361

10.1826

10.1215

10.2827

10.2294

10.3706

10.3344

10.4389

10.4028

10.5131

10.476

10.5825

10.56

10.6489

10.6186

10.7065

10.6928

10.7793

10.7612

10.8286

10.8105

10.892

10.8779

10.9492

10.9394

11.0048

10.9956

11.0571

11.0585

11.1127

11.1176

11.1801

11.1723

11.2329

11.228

11.2944

11.2959

11.3427

11.3457

11.4008

11.4038

11.456

11.4628

11.5078

11.517

11.5654

11.5752

11.6235

11.6401

11.6752

11.6879

11.7358

11.7421

11.7832

11.7993

11.8378

11.8579

11.8881

11.9028

11.9394

11.957

11.9936

12.0004

12.0371

12.0551

12.0825

12.1044

12.1303

12.146

12.1699

12.1884

12.208

12.2265

12.2475

12.2607

12.2851

12.3007

12.3134

12.3325

12.3452

12.3657

12.3774

12.3901

12.4047

12.4243

12.4267

12.4467

12.4482

12.4692

12.4721

12.4882

12.4912

12.5102

12.5068

12.5229

12.5249

12.5419

12.5356

12.559

12.5517

12.5698

12.5683

12.5839

12.5747

12.5986

12.5854

12.6049

12.5996

12.6167

12.6088

12.6293

12.6235

12.6406

12.6337

12.6543

12.6435

12.6582

12.6499

12.6655

12.6621

12.6762

12.6655

12.6826

12.6709

12.6958

12.6718

12.7011

12.6855

12.7089

12.6962

12.7158

12.705

12.7207

12.7036

12.7275

12.9765

12.9975

12.9668

12.9907

12.9614

12.9824

12.9589

12.9794

12.9487

12.9682

12.9404

12.9619

12.934

12.9511

12.9262

12.9516

12.9248

12.9389

12.9209

12.9428

12.9262

12.9418

12.9072

12.9287

12.9116

12.9331

12.9013

12.9233

12.8925

12.9204

12.9057

12.9267

12.894

12.915

12.8867

12.9086

12.8881

12.9101

12.8813

12.9018

12.875

12.8974

12.8764

12.896

12.8735

12.896

12.8662

12.8857

12.8608

12.8837

12.8657

12.8837

12.8598

12.8852

12.8623

12.8842

12.8549

12.874

12.853

12.874

12.8476

12.8691

12.852

12.8671

12.852

12.8652

12.8452

12.8559

12.8398

12.8637

12.8413

12.8574

12.8427

12.8632

12.8452

12.8667

12.8471

12.8681

12.8496

12.8691

12.854

12.8696

12.8603

12.8759

12.8696

12.8842

12.8813

12.8955

12.896

12.9116

12.9233

12.9375

12.978

12.9975

13.3559

13.3667

13.3979

13.4121

13.3877

13.4028

13.3886

13.4038

13.33

13.3496

13.5327

13.5434

13.5268

13.5395

13.5097

13.5293

13.4921

13.5019

13.4516

13.4663

13.3901

13.4013

13.3374

13.3476

13.2949

13.3149

13.2627

13.2675

13.2417

13.246

13.2036

13.2133

13.1992

13.1992

13.1743

13.1787

13.1665

13.1699

13.165

13.163

13.1591

13.1567

13.1464

13.145

13.1503

13.1381

13.146

13.1396

13.1342

13.1235

13.1206

13.1113

13.0961

13.0825

13.0488

13.0385

12.9794

12.9599

12.8833

12.8652

12.7426

12.7168

12.5439

12.52

12.2778

12.2602

11.9311

11.9067

11.476

11.4443

10.8979

10.8598

10.165

10.123

9.27929

9.22021

8.2041

8.14746

6.95849

6.86962

5.54589

5.45288

3.87939

3.76208

2.05029

1.90771

0.0649948

-0.101421

-2.04663

-2.24646

-4.27758

-4.49877

-6.59936

-6.85961

-9.02783

-9.33837

-11.539

-11.892

-14.1342

-14.5493

-16.8242

-17.2968

-19.6025

-20.1699

-22.496

-23.1513

-25.5263

-26.288

-28.6572

-29.582

-32.0371

-33.1445

-35.6152

-37.0468

-39.582

-41.3554

-44.0019

-46.0683

-48.8867

-52.0976

-54.5429

-58.3339

-61.1171

-68.5976

-69.5859

-71.4218

-75.7851

-70.1484

-85.0781

-82.1953

-76.6015

-75.7031

-78.4062

-83.1445

-73.7421

-68.1132

-71.9335

-67.4101

-70.1953

-76.3945

-70.414

-68.1054

-67.164

-66.2421

-67.7734

-68.2187

-68.2031

-63.1425

-68.2148

-70.25

-68.0312

-68.1015

-67.0039

-73.5468

-69.8359

-65.4609

-70.5625

-83.3476

-72.1406

-68.8281



Hor

		0.01		0.01		0.01		0.01		0.01		0.01

		0.010471		0.010471		0.010471		0.010471		1		1

		0.010964		0.010964		0.010964		0.010964		100		100

		0.011481		0.011481		0.011481		0.011481

		0.012022		0.012022		0.012022		0.012022

		0.012589		0.012589		0.012589		0.012589

		0.013182		0.013182		0.013182		0.013182

		0.013803		0.013803		0.013803		0.013803

		0.014454		0.014454		0.014454		0.014454

		0.015135		0.015135		0.015135		0.015135

		0.015848		0.015848		0.015848		0.015848

		0.016595		0.016595		0.016595		0.016595

		0.017378		0.017378		0.017378		0.017378

		0.018197		0.018197		0.018197		0.018197

		0.019054		0.019054		0.019054		0.019054

		0.019952		0.019952		0.019952		0.019952

		0.020892		0.020892		0.020892		0.020892

		0.021877		0.021877		0.021877		0.021877

		0.022908		0.022908		0.022908		0.022908

		0.023988		0.023988		0.023988		0.023988

		0.025118		0.025118		0.025118		0.025118

		0.026302		0.026302		0.026302		0.026302

		0.027542		0.027542		0.027542		0.027542

		0.02884		0.02884		0.02884		0.02884

		0.030199		0.030199		0.030199		0.030199

		0.031622		0.031622		0.031622		0.031622

		0.033113		0.033113		0.033113		0.033113

		0.034673		0.034673		0.034673		0.034673

		0.036307		0.036307		0.036307		0.036307

		0.038018		0.038018		0.038018		0.038018

		0.03981		0.03981		0.03981		0.03981

		0.041686		0.041686		0.041686		0.041686

		0.043651		0.043651		0.043651		0.043651

		0.045708		0.045708		0.045708		0.045708

		0.047862		0.047862		0.047862		0.047862

		0.050118		0.050118		0.050118		0.050118

		0.05248		0.05248		0.05248		0.05248

		0.054954		0.054954		0.054954		0.054954

		0.057543		0.057543		0.057543		0.057543

		0.060255		0.060255		0.060255		0.060255

		0.063095		0.063095		0.063095		0.063095

		0.066069		0.066069		0.066069		0.066069

		0.069183		0.069183		0.069183		0.069183

		0.072443		0.072443		0.072443		0.072443

		0.075857		0.075857		0.075857		0.075857

		0.079432		0.079432		0.079432		0.079432

		0.083176		0.083176		0.083176		0.083176

		0.087096		0.087096		0.087096		0.087096

		0.0912		0.0912		0.0912		0.0912

		0.095499		0.095499		0.095499		0.095499

		0.099999		0.099999		0.099999		0.099999

		0.104712		0.104712		0.104712		0.104712

		0.109647		0.109647		0.109647		0.109647

		0.114815		0.114815		0.114815		0.114815

		0.120226		0.120226		0.120226		0.120226

		0.125892		0.125892		0.125892		0.125892

		0.131825		0.131825		0.131825		0.131825

		0.138038		0.138038		0.138038		0.138038

		0.144544		0.144544		0.144544		0.144544

		0.151356		0.151356		0.151356		0.151356

		0.158489		0.158489		0.158489		0.158489

		0.165958		0.165958		0.165958		0.165958

		0.173779		0.173779		0.173779		0.173779

		0.181969		0.181969		0.181969		0.181969

		0.190545		0.190545		0.190545		0.190545

		0.199526		0.199526		0.199526		0.199526

		0.208929		0.208929		0.208929		0.208929

		0.218776		0.218776		0.218776		0.218776

		0.229086		0.229086		0.229086		0.229086

		0.239882		0.239882		0.239882		0.239882

		0.251188		0.251188		0.251188		0.251188

		0.263026		0.263026		0.263026		0.263026

		0.275422		0.275422		0.275422		0.275422

		0.288403		0.288403		0.288403		0.288403

		0.301995		0.301995		0.301995		0.301995

		0.316227		0.316227		0.316227		0.316227

		0.33113		0.33113		0.33113		0.33113

		0.346736		0.346736		0.346736		0.346736

		0.363077		0.363077		0.363077		0.363077

		0.380188		0.380188		0.380188		0.380188

		0.398106		0.398106		0.398106		0.398106

		0.416869		0.416869		0.416869		0.416869

		0.436515		0.436515		0.436515		0.436515

		0.457087		0.457087		0.457087		0.457087

		0.478629		0.478629		0.478629		0.478629

		0.501186		0.501186		0.501186		0.501186

		0.524806		0.524806		0.524806		0.524806

		0.54954		0.54954		0.54954		0.54954

		0.575439		0.575439		0.575439		0.575439

		0.602559		0.602559		0.602559		0.602559

		0.630956		0.630956		0.630956		0.630956

		0.660692		0.660692		0.660692		0.660692

		0.69183		0.69183		0.69183		0.69183

		0.724435		0.724435		0.724435		0.724435

		0.758576		0.758576		0.758576		0.758576

		0.794327		0.794327		0.794327		0.794327

		0.831763		0.831763		0.831763		0.831763

		0.870962		0.870962		0.870962		0.870962

		0.91201		0.91201		0.91201		0.91201

		0.954991		0.954991		0.954991		0.954991

		0.999998		0.999998		0.999998		0.999998

		1.047127		1.047127		1.047127		1.047127

		1.096477		1.096477		1.096477		1.096477

		1.148152		1.148152		1.148152		1.148152

		1.202263		1.202263		1.202263		1.202263

		1.258923		1.258923		1.258923		1.258923

		1.318254		1.318254		1.318254		1.318254

		1.380381		1.380381		1.380381		1.380381

		1.445437		1.445437		1.445437		1.445437

		1.513558		1.513558		1.513558		1.513558

		1.58489		1.58489		1.58489		1.58489

		1.659584		1.659584		1.659584		1.659584

		1.7378		1.7378		1.7378		1.7378

		1.8197		1.8197		1.8197		1.8197

		1.905457		1.905457		1.905457		1.905457

		1.995259		1.995259		1.995259		1.995259

		2.089294		2.089294		2.089294		2.089294

		2.18776		2.18776		2.18776		2.18776

		2.290867		2.290867		2.290867		2.290867

		2.39883		2.39883		2.39883		2.39883

		2.511883		2.511883		2.511883		2.511883

		2.630264		2.630264		2.630264		2.630264

		2.754224		2.754224		2.754224		2.754224

		2.884027		2.884027		2.884027		2.884027

		3.019948		3.019948		3.019948		3.019948

		3.162275		3.162275		3.162275		3.162275

		3.311309		3.311309		3.311309		3.311309

		3.467363		3.467363		3.467363		3.467363

		3.630775		3.630775		3.630775		3.630775

		3.801885		3.801885		3.801885		3.801885

		3.981063		3.981063		3.981063		3.981063

		4.168686		4.168686		4.168686		4.168686

		4.365152		4.365152		4.365152		4.365152

		4.570877		4.570877		4.570877		4.570877

		4.786295		4.786295		4.786295		4.786295

		5.011866		5.011866		5.011866		5.011866

		5.248066		5.248066		5.248066		5.248066

		5.4954		5.4954		5.4954		5.4954

		5.754381		5.754381		5.754381		5.754381

		6.025579		6.025579		6.025579		6.025579

		6.309557		6.309557		6.309557		6.309557

		6.606922		6.606922		6.606922		6.606922

		6.918298		6.918298		6.918298		6.918298

		7.244349		7.244349		7.244349		7.244349

		7.585769		7.585769		7.585769		7.585769

		7.943274		7.943274		7.943274		7.943274

		8.317634		8.317634		8.317634		8.317634

		8.709624		8.709624		8.709624		8.709624

		9.120099		9.120099		9.120099		9.120099

		9.549914		9.549914		9.549914		9.549914

		9.999987		9.999987		9.999987		9.999987

		10.471266		10.471266		10.471266		10.471266

		10.964762		10.964762		10.964762		10.964762

		11.481518		11.481518		11.481518		11.481518

		12.022626		12.022626		12.022626		12.022626

		12.589241		12.589241		12.589241		12.589241

		13.182558		13.182558		13.182558		13.182558

		13.803834		13.803834		13.803834		13.803834

		14.454361		14.454361		14.454361		14.454361

		15.135575		15.135575		15.135575		15.135575

		15.848895		15.848895		15.848895		15.848895

		16.595835		16.595835		16.595835		16.595835

		17.377981		17.377981		17.377981		17.377981

		18.196987		18.196987		18.196987		18.196987

		19.054578		19.054578		19.054578		19.054578

		19.952595		19.952595		19.952595		19.952595

		20.892925		20.892925		20.892925		20.892925

		21.877578		21.877578		21.877578		21.877578

		22.908603		22.908603		22.908603		22.908603

		23.988263		23.988263		23.988263		23.988263

		25.118798		25.118798		25.118798		25.118798

		26.302621		26.302621		26.302621		26.302621

		27.542231		27.542231		27.542231		27.542231

		28.840237		28.840237		28.840237		28.840237

		30.19944		30.19944		30.19944		30.19944

		31.622699		31.622699		31.622699		31.622699

		33.113086		33.113086		33.113086		33.113086

		34.673623		34.673623		34.673623		34.673623

		36.307756		36.307756		36.307756		36.307756

		38.018881		38.018881		38.018881		38.018881

		39.810662		39.810662		39.810662		39.810662

		41.686853		41.686853		41.686853		41.686853

		43.651504		43.651504		43.651504		43.651504

		45.708732		45.708732		45.708732		45.708732

		47.862919		47.862919		47.862919		47.862919

		50.118662		50.118662		50.118662		50.118662

		52.480691		52.480691		52.480691		52.480691

		54.954039		54.954039		54.954039		54.954039

		57.543832		57.543832		57.543832		57.543832

		60.25579		60.25579		60.25579		60.25579

		63.09557		63.09557		63.09557		63.09557

		66.069187		66.069187		66.069187		66.069187

		69.182973		69.182973		69.182973		69.182973

		72.443481		72.443481		72.443481		72.443481

		75.857631		75.857631		75.857631		75.857631

		79.432699		79.432699		79.432699		79.432699

		83.176207		83.176207		83.176207		83.176207

		87.096177		87.096177		87.096177		87.096177

		91.200893		91.200893		91.200893		91.200893

		95.498967		95.498967		95.498967		95.498967

		100		100		100		100



Vertical

1.5kohm preamp

into 50 ohms

MHz

S21 [db]

-61.082

-55.0605

-62.5957

-55.248

-104.4819305271

-24.2

-67.7695

-57.2851

-65.207

-57.6425

-64.4819305271

-24.2

-67.6953

-56.5664

-66.6249

-57.8593

-24.4819305271

-24.2

-69.8164

-58.0546

-69.8984

-58.6875

-77.3164

-58.6093

-74.4843

-59.0546

-76.1093

-58.3828

-74.4257

-58.8476

-79.039

-58.5546

-82.1992

-58.4863

-79.0039

-58.4355

-79.5898

-59.039

-82.2773

-57.9746

-84.9296

-58.4023

-84.1874

-58.58

-90.8671

-58.4785

-87.0312

-58.121

-93.1015

-58.2695

-92.8554

-57.3183

-91.5312

-57.2382

-87.996

-57.0468

-90.1992

-57.2578

-94.4453

-56.8515

-97.6992

-56.9589

-90.4687

-56.5527

-91.7343

-56.6894

-88.3828

-56.1562

-92.5195

-56.3222

-90.9179

-55.8457

-88.3203

-56.082

-93.2109

-55.3984

-90.625

-55.6933

-94.7851

-55.0664

-97.8085

-55.3613

-91.207

-54.6582

-90.9023

-54.9589

-93.0312

-54.2792

-96.164

-54.4824

-94

-53.9003

-92.2343

-54.123

-92.8906

-53.5273

-93.9335

-53.7187

-93.2851

-53.1093

-90.5351

-53.2832

-91.7382

-52.6835

-88.5976

-52.9218

-91.2734

-52.4199

-98.2812

-52.5332

-95.3437

-51.9492

-90.5781

-52.082

-91.7968

-51.541

-93.1601

-51.7207

-90.582

-51.1621

-94.9531

-51.3671

-89.4804

-50.7089

-94.7343

-50.957

-92.3632

-50.371

-91.539

-50.496

-90.7812

-49.955

-90.6093

-50.123

-90.6132

-49.5683

-90.2421

-49.7304

-90.5976

-49.1582

-90.5078

-49.3046

-90.4453

-48.7773

-90.1874

-48.9316

-90.1874

-48.3593

-90.6953

-48.5312

-89.5937

-47.957

-89.3906

-48.1308

-88.8007

-47.5683

-89.6132

-47.7226

-89.1601

-47.1621

-88.5351

-47.3164

-88.9414

-46.7617

-87.996

-46.9277

-87.9492

-46.373

-87.1601

-46.5175

-87.6835

-45.957

-88.039

-46.1171

-87.2734

-45.5664

-87.5117

-45.7265

-87.1601

-45.166

-86.7265

-45.3242

-86.746

-44.7617

-86.246

-44.9218

-86.5429

-44.3671

-86.3711

-44.5136

-86.0273

-43.9707

-85.7499

-44.121

-85.3046

-43.5703

-85.4765

-43.7187

-84.8906

-43.1699

-85.0585

-43.3242

-85.2734

-42.7714

-84.6796

-42.9179

-84.3242

-42.3769

-84.1679

-42.5293

-84.0937

-41.9804

-83.9921

-42.1308

-83.414

-41.5273

-83.1406

-41.7343

-83.0468

-41.1894

-82.9179

-41.3398

-82.9921

-40.7949

-82.7304

-40.9472

-82.4804

-40.4023

-82.2968

-40.5546

-82.0273

-40.0058

-81.7578

-40.1582

-81.7265

-39.6171

-81.5546

-39.7656

-81.3125

-39.2246

-81.1171

-39.373

-80.8867

-38.8378

-80.832

-38.9843

-80.4374

-38.4472

-80.2656

-38.5957

-80.0546

-38.0625

-80.0039

-38.2089

-79.7578

-37.6777

-79.6562

-37.8222

-79.4726

-37.2968

-79.1914

-37.4394

-79.0117

-36.916

-78.875

-37.0585

-78.5156

-36.5253

-78.4218

-36.6582

-78.1718

-36.1445

-78.0117

-36.2949

-77.7421

-35.7753

-77.6445

-35.9062

-77.3984

-35.3945

-77.2187

-35.5273

-76.957

-35.0214

-76.875

-35.1582

-76.6367

-34.6582

-76.4257

-34.7968

-76.1406

-34.291

-76.1015

-34.4179

-75.8476

-33.9296

-75.6679

-34.0468

-75.3359

-33.5722

-75.2656

-33.6953

-75.0624

-33.205

-74.8203

-33.3183

-74.6484

-32.8515

-74.4765

-32.9785

-74.2578

-32.5039

-74.082

-32.621

-73.8398

-32.1718

-73.7031

-32.2812

-73.4179

-31.8261

-73.2695

-31.9277

-73.0195

-31.4941

-72.8789

-31.6005

-72.6601

-31.1679

-72.5507

-31.2636

-72.2148

-30.8388

-72.1093

-30.9423

-71.875

-30.5195

-71.7343

-30.6103

-71.4414

-30.207

-71.3164

-30.2998

-71.0937

-29.9003

-70.9296

-29.9843

-70.664

-29.6113

-70.5351

-29.6835

-70.2343

-29.3173

-70.1171

-29.3906

-69.8476

-29.0302

-69.7343

-29.0976

-69.4414

-28.7597

-69.3242

-28.8242

-69.0429

-28.4824

-68.9492

-28.5468

-68.664

-28.2158

-68.5273

-28.2744

-68.2421

-27.9736

-68.1328

-28.0224

-67.8281

-27.7304

-67.7226

-27.7656

-67.457

-27.4941

-67.3593

-27.5283

-67.0781

-27.2656

-66.9648

-27.3046

-66.6249

-27.0566

-66.5546

-27.08

-66.25

-26.8457

-66.121

-26.8701

-65.8476

-26.6406

-65.7695

-26.6621

-65.4453

-26.4492

-65.332

-26.4599

-65.0585

-26.2626

-64.9414

-26.2675

-64.6406

-26.0947

-64.5546

-26.0947

-64.2304

-25.9277

-64.1406

-25.9267

-63.8281

-25.7724

-63.7421

-25.7685

-63.4082

-25.624

-63.3378

-25.6103

-63.0156

-25.4843

-62.9628

-25.4677

-62.621

-25.3584

-62.5371

-25.332

-62.2168

-25.2363

-62.1406

-25.2031

-61.8066

-25.1171

-61.7382

-25.083

-61.4082

-25.0078

-61.3398

-24.9667

-60.998

-24.9033

-60.9433

-24.8574

-60.5917

-24.8085

-60.5429

-24.7578

-60.1933

-24.7207

-60.1328

-24.6621

-59.7832

-24.6357

-59.7441

-24.5722

-59.371

-24.5585

-59.3496

-24.4892

-58.9648

-24.4863

-58.9453

-24.4121

-58.5625

-24.416

-58.5449

-24.3359

-58.1484

-24.3535

-58.1386

-24.2646

-57.7382

-24.2929

-57.75

-24.1992

-57.3281

-24.2353

-57.3457

-24.1347

-56.9121

-24.1787

-56.9433

-24.0673

-56.5019

-24.1328

-56.5332

-24.0097

-56.1074

-24.0966

-56.1386

-23.9628

-55.6621

-24.0312

-55.7265

-23.8955

-55.2382

-23.9873

-55.33

-23.8447

-54.83

-23.9541

-54.9394

-23.7929

-54.4179

-23.9101

-54.5292

-23.7373

-54.0019

-23.8662

-54.1367

-23.6796

-53.58

-23.8437

-53.7519

-23.6396

-53.1406

-23.8134

-53.3359

-23.5957

-52.7246

-23.7705

-52.9296

-23.5371

-52.3066

-23.7441

-52.5488

-23.4931

-51.8613

-23.7109

-52.1445

-23.4453

-51.4433

-23.6787

-51.746

-23.3916

-51.0039

-23.6455

-51.3476

-23.33

-50.5703

-23.6171

-50.9531

-23.2802

-50.125

-23.5849

-50.5527

-23.2177

-49.6816

-23.5498

-50.1542

-23.163

-49.2343

-23.5175

-49.7597

-23.0957

-48.789

-23.4853

-49.3671

-23.0283

-48.3281

-23.4482

-48.9609

-22.9599

-47.8749

-23.4199

-48.5683

-22.8876

-47.3945

-23.3857

-48.164

-22.8134

-46.9296

-23.3544

-47.7695

-22.7392

-46.4472

-23.3281

-47.3691

-22.6621

-45.9687

-23.3066

-46.9726

-22.5869

-45.4785

-23.2919

-46.5742

-22.5156

-44.9824

-23.2851

-46.1757

-22.4433

-44.4824

-23.2929

-45.7773

-22.3847

-43.9785

-23.3173

-45.3847

-22.3388

-43.4687

-23.3759

-44.998

-22.3183

-42.9511

-23.457

-44.6035

-22.3212

-42.4277

-23.5927

-44.2207

-22.3701

-41.8945

-23.7793

-43.8281

-22.4668

-41.3593

-24.0449

-43.4511

-22.6347

-40.8144

-24.4003

-43.0683

-22.8857

-40.2636

-24.8681

-42.6914

-23.2441

-39.707

-25.4736

-42.3183

-23.7412

-39.1386

-26.2382

-41.9472

-24.3837

-38.5625

-27.1816

-41.5722

-25.1962

-37.9824

-28.3085

-41.2089

-26.1972

-37.3906

-29.6367

-40.8378

-27.3818

-36.8281

-31.1923

-40.5195

-28.7959

-36.2128

-32.8964

-40.1562

-30.3408

-35.6113

-34.7558

-39.8007

-32.0585

-34.9785

-36.7812

-39.4414

-33.8945

-34.3398

-38.9394

-39.0878

-35.8808

-33.7011

-41.1894

-38.7382

-37.9531

-33.0683

-43.5449

-38.3964

-40.1269

-32.4179

-45.9863

-38.0546

-42.3828

-31.7753

-48.5312

-37.7246

-44.7128

-31.1318

-51.1445

-37.4101

-47.1211

-30.4804

-53.8417

-37.1093

-49.625

-29.8447

-56.6093

-36.83

-52.2285

-29.2148

-59.5371

-36.5585

-54.9003

-28.5888

-62.5468

-36.3027

-57.7714

-27.9785

-65.7187

-36.0742

-60.8085

-27.3828

-69.164

-35.8691

-64.1015

-26.7988

-72.7031

-35.6855

-67.6289

-26.2294

-76.9609

-35.5136

-71.7929

-25.6748

-80.9921

-35.3691

-76.2382

-25.1298

-85.7695

-35.246

-81.9609

-24.6015

-91.8242

-35.1367

-88.8007

-24.0869

-98.8749

-35.0488

-100.621

-23.5869

-100.593

-34.9687

-104.488

-23.0937

-107.527

-34.9062

-104.07

-22.6152

-102.492

-34.8515

-107.859

-22.1474

-108.035

-34.7968

-104.082

-21.6875

-104.695

-34.7578

-100.882

-21.2412

-103.253

-34.7128

-94.1288

-20.8115

-108.457

-34.6914

-92.6406

-20.3261

-102.308

-34.6015

-91.4453

-19.8535

-102.781

-34.5019

-88.8046

-19.456

-97.8242

-34.4238

-90

-19.0986

-99.0703

-34.3984

-86.7734

-18.7236

-97.2734

-34.3203

-85.4023

-18.2871

-100.75

-34.1816

-84.2539

-17.8056

-104.261

-33.9824

-83.4492

-17.3408

-95.3632

-33.7773

-83.1601

-16.8378

-92.6367

-33.4882

-84.1601

-16.3056

-97.4687

-33.1543

-84.9296

-15.7617

-111.027

-32.8007

-89.8046



Ver

		Hi Z preamp

		50ohms at input to amp

		R103, R203 changed from 1.5k to 150k

		L104, L204 jumpered out

				13.10

												4.65

		Hz		A 1.5k		B 1.5k

		0.01		9.1		9.0				0.0		13.3490590578

		0.01		9.3		9.2				100.0		13.3490590578

		0.01		9.6		9.5

		0.01		9.7		9.6

		0.01		9.9		9.8

		0.01		10.0		9.9

		0.01		10.1		10.0

		0.01		10.2		10.1

		0.01		10.3		10.2

		0.02		10.4		10.3

		0.02		10.4		10.4

		0.02		10.5		10.5

		0.02		10.6		10.6

		0.02		10.6		10.6

		0.02		10.7		10.7

		0.02		10.8		10.8

		0.02		10.8		10.8

		0.02		10.9		10.9

		0.02		10.9		10.9

		0.02		11.0		11.0

		0.03		11.1		11.1

		0.03		11.1		11.1				transition module

		0.03		11.2		11.2				label		gain

		0.03		11.2		11.2				-10.0		0.5

		0.03		11.3		11.3				-5.5		0.6

		0.03		11.3		11.3				-1.5		1.0

		0.03		11.4		11.4				2.0		1.5		used for these measurements

		0.03		11.5		11.5

		0.04		11.5		11.5

		0.04		11.6		11.6

		0.04		11.6		11.6

		0.04		11.7		11.7

		0.04		11.7		11.7

		0.05		11.8		11.8

		0.05		11.8		11.9

		0.05		11.9		11.9

		0.05		11.9		12.0

		0.05		12.0		12.0

		0.06		12.0		12.1

		0.06		12.1		12.1

		0.06		12.1		12.1

		0.07		12.2		12.2

		0.07		12.2		12.2

		0.07		12.2		12.3

		0.08		12.3		12.3

		0.08		12.3		12.3

		0.08		12.3		12.4

		0.09		12.4		12.4

		0.09		12.4		12.4

		0.10		12.4		12.4

		0.10		12.4		12.5

		0.10		12.5		12.5

		0.11		12.5		12.5

		0.11		12.5		12.5

		0.12		12.5		12.5

		0.13		12.5		12.6

		0.13		12.6		12.6

		0.14		12.6		12.6

		0.14		12.6		12.6

		0.15		12.6		12.6

		0.16		12.6		12.6

		0.17		12.6		12.6

		0.17		12.6		12.6

		0.18		12.6		12.7

		0.19		12.6		12.7

		0.20		12.6		12.7

		0.21		12.7		12.7

		0.22		12.7		12.7

		0.23		12.7		12.7

		0.24		12.7		12.7

		0.25		12.7		12.7

		0.26		12.7		12.7

		0.28		12.7		12.7

		0.29		12.7		12.7

		0.30		13.0		13.0

		0.32		13.0		13.0

		0.33		13.0		13.0

		0.35		13.0		13.0

		0.36		12.9		13.0

		0.38		12.9		13.0

		0.40		12.9		13.0

		0.42		12.9		13.0

		0.44		12.9		12.9

		0.46		12.9		12.9

		0.48		12.9		12.9

		0.50		12.9		12.9

		0.52		12.9		12.9

		0.55		12.9		12.9

		0.58		12.9		12.9

		0.60		12.9		12.9

		0.63		12.9		12.9

		0.66		12.9		12.9

		0.69		12.9		12.9

		0.72		12.9		12.9

		0.76		12.9		12.9

		0.79		12.9		12.9

		0.83		12.9		12.9

		0.87		12.9		12.9

		0.91		12.9		12.9

		0.95		12.9		12.9

		1.00		12.9		12.9

		1.05		12.9		12.9

		1.10		12.9		12.9

		1.15		12.9		12.9

		1.20		12.8		12.9

		1.26		12.9		12.9

		1.32		12.9		12.9

		1.38		12.8		12.9

		1.45		12.8		12.9

		1.51		12.8		12.9

		1.58		12.8		12.9

		1.66		12.8		12.9

		1.74		12.8		12.9

		1.82		12.8		12.9

		1.91		12.9		12.9

		2.00		12.9		12.9

		2.09		12.9		12.9

		2.19		12.9		12.9

		2.29		12.9		12.9

		2.40		12.9		12.9

		2.51		13.0		13.0

		2.63		13.4		13.4

		2.75		13.4		13.4

		2.88		13.4		13.4

		3.02		13.4		13.4

		3.16		13.3		13.3

		3.31		13.5		13.5

		3.47		13.5		13.5

		3.63		13.5		13.5

		3.80		13.5		13.5

		3.98		13.5		13.5

		4.17		13.4		13.4

		4.37		13.3		13.3

		4.57		13.3		13.3

		4.79		13.3		13.3

		5.01		13.2		13.2

		5.25		13.2		13.2

		5.50		13.2		13.2

		5.75		13.2		13.2

		6.03		13.2		13.2

		6.31		13.2		13.2

		6.61		13.2		13.2

		6.92		13.1		13.1

		7.24		13.2		13.1

		7.59		13.1		13.1

		7.94		13.1		13.1

		8.32		13.1		13.1

		8.71		13.1		13.1

		9.12		13.0		13.0

		9.55		13.0		13.0

		10.00		12.9		12.9

		10.47		12.7		12.7

		10.96		12.5		12.5

		11.48		12.3		12.3

		12.02		11.9		11.9

		12.59		11.5		11.4

		13.18		10.9		10.9

		13.80		10.2		10.1

		14.45		9.3		9.2

		15.14		8.2		8.1

		15.85		7.0		6.9

		16.60		5.5		5.5

		17.38		3.9		3.8

		18.20		2.1		1.9

		19.05		0.1		-0.1

		19.95		-2.0		-2.2

		20.89		-4.3		-4.5

		21.88		-6.6		-6.9

		22.91		-9.0		-9.3

		23.99		-11.5		-11.9

		25.12		-14.1		-14.5

		26.30		-16.8		-17.3

		27.54		-19.6		-20.2

		28.84		-22.5		-23.2

		30.20		-25.5		-26.3

		31.62		-28.7		-29.6

		33.11		-32.0		-33.1

		34.67		-35.6		-37.0

		36.31		-39.6		-41.4

		38.02		-44.0		-46.1

		39.81		-48.9		-52.1

		41.69		-54.5		-58.3

		43.65		-61.1		-68.6

		45.71		-69.6		-71.4

		47.86		-75.8		-70.1

		50.12		-85.1		-82.2

		52.48		-76.6		-75.7

		54.95		-78.4		-83.1

		57.54		-73.7		-68.1

		60.26		-71.9		-67.4

		63.10		-70.2		-76.4

		66.07		-70.4		-68.1

		69.18		-67.2		-66.2

		72.44		-67.8		-68.2

		75.86		-68.2		-63.1

		79.43		-68.2		-70.3

		83.18		-68.0		-68.1

		87.10		-67.0		-73.5

		91.20		-69.8		-65.5

		95.50		-70.6		-83.3

		100.00		-72.1		-68.8





Ver

		0		0		0		0

		0		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0
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0



Hor V or I

		Hi Z preamp

		Horizontal bpm

		R103, R203 changed from 1.5k to 150k

		L104, L204 jumpered out

		50 ohm wire    (20 mA/V)

		measure thru bpm, preamp, and transition module

		Hz		A plate		B plate		A 1.5k		B 1.5k		A 150k		B 150k

		0.01		-64.8		-66.0		-55.6		-57.5		-23.1		-25.5

		0.01		-67.0		-68.7		-57.1		-58.6		-23.0		-25.2

		0.01		-68.2		-68.2		-55.8		-58.0		-22.8		-25.0

		0.01		-69.8		-71.5		-56.3		-58.8		-22.7		-25.0

		0.01		-76.1		-74.5		-56.7		-59.0		-22.7		-24.9

		0.01		-75.7		-78.1		-56.6		-58.5		-22.6		-24.8

		0.01		-79.8		-76.1		-56.1		-58.7		-22.6		-24.8

		0.01		-81.2		-81.6		-56.1		-58.4		-22.5		-24.7

		0.01		-85.1		-82.1		-55.7		-58.7		-22.5		-24.7

		0.02		-86.7		-91.1		-55.8		-57.8		-22.4		-24.6

		0.02		-90.0		-87.8		-55.5		-57.7		-22.4		-24.6

		0.02		-88.3		-89.3		-55.2		-57.6		-22.4		-24.5

		0.02		-90.8		-88.4		-54.8		-57.3		-22.3		-24.5

		0.02		-94.1		-94.5		-54.4		-56.9		-22.3		-24.5

		0.02		-92.9		-89.9		-54.1		-56.5		-22.3		-24.4

		0.02		-89.1		-93.2		-53.8		-56.2		-22.3		-24.4

		0.02		-97.6		-93.0		-53.3		-55.8		-22.2		-24.4

		0.02		-93.1		-93.2		-53.0		-55.5		-22.2		-24.3

		0.02		-90.2		-93.2		-52.6		-55.0		-22.2		-24.3

		0.02		-90.9		-97.8		-52.2		-54.6		-22.1		-24.2																		0.25		Zp/Zw

		0.03		-92.2		-93.7		-51.7		-54.3		-22.1		-24.2																		1		dt [nsec]

		0.03		-90.7		-93.5		-51.4		-53.9		-22.1		-24.2																MHz		wl/2v

		0.03		-89.9		-92.8		-51.0		-53.4		-22.0		-24.2														-22.5		0.01		-102.10

		0.03		-88.6		-92.4		-50.6		-53.0		-22.0		-24.1														-22.5		1		-62.10

		0.03		-94.4		-90.4		-50.1		-52.6		-22.0		-24.1														-22.5		100		-22.10

		0.03		-90.2		-94.1		-49.8		-52.2		-21.9		-24.1																		200		Zw

		0.03		-87.6		-93.4		-49.3		-51.8		-21.9		-24.0

		0.03		-89.4		-91.6		-48.9		-51.4		-21.9		-24.0

		0.04		-90.7		-90.4		-48.5		-51.0		-21.9		-24.0

		0.04		-90.6		-89.9		-48.1		-50.5		-21.9		-24.0

		0.04		-89.1		-92.1		-47.6		-50.1		-21.8		-23.9

		0.04		-88.0		-90.8		-47.2		-49.7		-21.8		-23.9

		0.04		-88.9		-91.4		-46.8		-49.2		-21.8		-23.9

		0.05		-87.2		-89.9		-46.4		-48.8		-21.8		-23.9

		0.05		-87.6		-89.9		-45.9		-48.4		-21.8		-23.9

		0.05		-86.8		-89.0		-45.5		-47.9		-21.8		-23.9

		0.05		-86.9		-88.5		-45.0		-47.5		-21.7		-23.8

		0.05		-86.5		-89.1		-44.6		-47.1		-21.7		-23.8

		0.06		-86.1		-88.2		-44.2		-46.6		-21.7		-23.8

		0.06		-85.5		-87.9		-43.8		-46.2		-21.7		-23.8

		0.06		-85.0		-86.9		-43.3		-45.7		-21.7		-23.8

		0.07		-84.4		-86.9		-42.9		-45.3		-21.7		-23.8

		0.07		-84.0		-86.6		-42.5		-44.9		-21.7		-23.8

		0.07		-83.7		-86.5		-42.0		-44.5		-21.7		-23.8

		0.08		-83.4		-85.9		-41.6		-44.0		-21.7		-23.7

		0.08		-82.9		-85.3		-41.2		-43.6		-21.7		-23.7

		0.08		-82.5		-84.6		-40.8		-43.2		-21.7		-23.7

		0.09		-82.3		-84.7		-40.3		-42.8		-21.6		-23.7

		0.09		-82.0		-83.9		-39.9		-42.4		-21.6		-23.7

		0.10		-81.5		-83.8		-39.5		-41.9		-21.6		-23.7

		0.10		-81.3		-83.3		-39.1		-41.5		-21.6		-23.7

		0.10		-80.7		-82.9		-38.7		-41.1		-21.6		-23.7

		0.11		-80.2		-82.6		-38.3		-40.7		-21.6		-23.7

		0.11		-79.9		-82.3		-37.9		-40.3		-21.6		-23.7

		0.12		-79.6		-81.8		-37.5		-39.9		-21.6		-23.7

		0.13		-79.1		-81.3		-37.1		-39.5		-21.6		-23.7

		0.13		-78.6		-81.1		-36.7		-39.1		-21.6		-23.7

		0.14		-78.2		-80.5		-36.3		-38.7		-21.6		-23.7

		0.14		-78.0		-80.3		-35.8		-38.3		-21.6		-23.7

		0.15		-77.3		-79.8		-35.4		-37.9		-21.6		-23.7

		0.16		-77.0		-79.5		-35.1		-37.5		-21.6		-23.7

		0.17		-76.7		-79.0		-34.7		-37.1		-21.6		-23.7

		0.17		-76.2		-78.6		-34.3		-36.7		-21.6		-23.7

		0.18		-75.8		-78.1		-33.9		-36.3		-21.6		-23.7

		0.19		-75.5		-77.7		-33.5		-35.9		-21.6		-23.7

		0.20		-74.9		-77.5		-33.1		-35.5		-21.6		-23.7

		0.21		-74.5		-77.0		-32.7		-35.1		-21.6		-23.7

		0.22		-74.2		-76.5		-32.3		-34.7		-21.6		-23.7

		0.23		-73.8		-76.2		-31.9		-34.4		-21.6		-23.6

		0.24		-73.3		-75.8		-31.6		-34.0		-21.6		-23.6

		0.25		-73.0		-75.4		-31.2		-33.6		-21.6		-23.6

		0.26		-72.6		-75.0		-30.8		-33.2		-21.6		-23.6

		0.28		-72.2		-74.6		-30.5		-32.9		-21.6		-23.6

		0.29		-71.8		-74.2		-30.1		-32.5		-21.6		-23.6

		0.30		-71.1		-73.6		-29.5		-31.8		-21.5		-23.6

		0.32		-70.8		-73.2		-29.1		-31.5		-21.6		-23.6

		0.33		-70.4		-72.8		-28.8		-31.1		-21.6		-23.6

		0.35		-69.9		-72.4		-28.4		-30.8		-21.6		-23.6

		0.36		-69.6		-71.9		-28.1		-30.5		-21.6		-23.6

		0.38		-69.2		-71.6		-27.8		-30.1		-21.6		-23.6

		0.40		-68.8		-71.2		-27.5		-29.8		-21.6		-23.6

		0.42		-68.4		-70.8		-27.1		-29.5		-21.6		-23.6

		0.44		-68.0		-70.4		-26.8		-29.2		-21.6		-23.6

		0.46		-67.6		-70.0		-26.5		-28.9		-21.6		-23.6

		0.48		-67.2		-69.6		-26.2		-28.6		-21.6		-23.6

		0.50		-66.8		-69.2		-25.9		-28.3		-21.6		-23.6

		0.52		-66.4		-68.8		-25.7		-28.0		-21.6		-23.6

		0.55		-66.0		-68.4		-25.4		-27.7		-21.6		-23.6

		0.58		-65.7		-68.0		-25.1		-27.4		-21.5		-23.6

		0.60		-65.2		-67.6		-24.8		-27.1		-21.5		-23.6

		0.63		-64.9		-67.3		-24.6		-26.9		-21.6		-23.6

		0.66		-64.4		-66.9		-24.4		-26.6		-21.6		-23.6

		0.69		-64.1		-66.5		-24.1		-26.4		-21.5		-23.6

		0.72		-63.7		-66.1		-23.9		-26.2		-21.6		-23.6

		0.76		-63.3		-65.7		-23.7		-25.9		-21.5		-23.6

		0.79		-62.9		-65.3		-23.5		-25.7		-21.6		-23.6

		0.83		-62.5		-64.8		-23.2		-25.5		-21.5		-23.6

		0.87		-62.1		-64.5		-23.1		-25.3		-21.5		-23.6

		0.91		-61.7		-64.1		-22.9		-25.1		-21.5		-23.6

		0.95		-61.3		-63.7		-22.7		-24.9		-21.6		-23.6

		1.00		-60.9		-63.3		-22.5		-24.7		-21.5		-23.6

		1.05		-60.5		-62.9		-22.4		-24.6		-21.5		-23.6

		1.10		-60.1		-62.5		-22.2		-24.4		-21.6		-23.6

		1.15		-59.7		-62.1		-22.1		-24.3		-21.6		-23.6

		1.20		-59.3		-61.7		-21.9		-24.1		-21.5		-23.6

		1.26		-58.9		-61.3		-21.8		-24.0		-21.5		-23.6

		1.32		-58.5		-60.9		-21.7		-23.9		-21.6		-23.6

		1.38		-58.1		-60.5		-21.6		-23.8		-21.5		-23.6

		1.45		-57.7		-60.1		-21.5		-23.7		-21.5		-23.6

		1.51		-57.3		-59.7		-21.4		-23.5		-21.6		-23.6

		1.58		-56.9		-59.3		-21.3		-23.4		-21.6		-23.6

		1.66		-56.5		-58.9		-21.2		-23.4		-21.6		-23.6

		1.74		-56.1		-58.5		-21.1		-23.3		-21.5		-23.6

		1.82		-55.7		-58.1		-21.0		-23.2		-21.6		-23.6

		1.91		-55.3		-57.7		-21.0		-23.1		-21.6		-23.6

		2.00		-54.9		-57.3		-20.9		-23.0		-21.6		-23.6

		2.09		-54.5		-56.8		-20.8		-23.0		-21.6		-23.6

		2.19		-54.1		-56.4		-20.8		-22.9		-21.6		-23.6

		2.29		-53.6		-56.0		-20.7		-22.8		-21.6		-23.6

		2.40		-53.2		-55.6		-20.6		-22.7		-21.6		-23.6

		2.51		-52.8		-55.1		-20.5		-22.6		-21.6		-23.6

		2.63		-52.0		-54.3		-20.1		-22.2		-21.6		-23.6

		2.75		-51.5		-53.9		-20.0		-22.1		-21.6		-23.6

		2.88		-51.2		-53.5		-20.0		-22.1		-21.6		-23.6

		3.02		-50.8		-53.1		-20.0		-22.0		-21.6		-23.6

		3.16		-50.4		-52.8		-20.0		-22.1		-21.6		-23.6

		3.31		-49.8		-52.2		-19.7		-21.8		-21.6		-23.6

		3.47		-49.4		-51.8		-19.7		-21.8		-21.6		-23.6

		3.63		-49.1		-51.4		-19.7		-21.8		-21.6		-23.6

		3.80		-48.7		-51.0		-19.7		-21.8		-21.6		-23.6

		3.98		-48.3		-50.6		-19.7		-21.8		-21.6		-23.6

		4.17		-48.0		-50.3		-19.8		-21.8		-21.6		-23.6

		4.37		-47.7		-49.9		-19.8		-21.8		-21.6		-23.6

		4.57		-47.3		-49.6		-19.8		-21.8		-21.6		-23.6

		4.79		-47.0		-49.2		-19.8		-21.9		-21.7		-23.6

		5.01		-46.6		-48.9		-19.9		-21.9		-21.7		-23.6

		5.25		-46.3		-48.5		-19.9		-21.9		-21.7		-23.6

		5.50		-45.9		-48.1		-19.9		-21.8		-21.7		-23.6

		5.75		-45.5		-47.7		-19.9		-21.8		-21.7		-23.6

		6.03		-45.1		-47.3		-19.9		-21.8		-21.7		-23.6

		6.31		-44.7		-46.9		-19.8		-21.8		-21.7		-23.6

		6.61		-44.4		-46.5		-19.8		-21.8		-21.7		-23.6

		6.92		-44.0		-46.1		-19.8		-21.8		-21.8		-23.6

		7.24		-43.6		-45.7		-19.8		-21.7		-21.8		-23.6

		7.59		-43.2		-45.3		-19.8		-21.7		-21.8		-23.6

		7.94		-42.8		-44.8		-19.8		-21.7		-21.8		-23.7

		8.32		-42.4		-44.4		-19.8		-21.6		-21.9		-23.7

		8.71		-42.0		-44.0		-19.8		-21.6		-21.9		-23.7

		9.12		-41.6		-43.5		-19.8		-21.6		-22.0		-23.7

		9.55		-41.2		-43.1		-19.9		-21.7		-22.0		-23.7

		10.00		-40.7		-42.6		-20.0		-21.7		-22.1		-23.8

		10.47		-40.3		-42.2		-20.1		-21.8		-22.2		-23.8

		10.96		-39.9		-41.7		-20.3		-22.0		-22.3		-23.9

		11.48		-39.5		-41.3		-20.5		-22.2		-22.5		-24.0

		12.02		-39.1		-40.8		-20.9		-22.5		-22.7		-24.2

		12.59		-38.7		-40.3		-21.3		-22.9		-22.9		-24.4

		13.18		-38.3		-39.9		-21.9		-23.5		-23.2		-24.7

		13.80		-37.9		-39.4		-22.7		-24.2		-23.6		-25.1

		14.45		-37.5		-38.9		-23.6		-25.1		-24.2		-25.5

		15.14		-37.1		-38.4		-24.7		-26.1		-24.8		-26.1

		15.85		-36.6		-37.9		-26.0		-27.4		-25.5		-26.7

		16.60		-36.2		-37.4		-27.5		-28.9		-26.3		-27.5

		17.38		-35.8		-36.9		-29.3		-30.5		-27.3		-28.4

		18.20		-35.5		-36.5		-31.2		-32.4		-28.3		-29.3

		19.05		-35.1		-36.0		-33.2		-34.4		-29.4		-30.4

		19.95		-34.7		-35.5		-35.4		-36.5		-30.6		-31.5

		20.89		-34.3		-35.0		-37.6		-38.7		-31.9		-32.7

		21.88		-33.9		-34.5		-40.0		-41.0		-33.2		-33.9

		22.91		-33.5		-33.9		-42.4		-43.4		-34.6		-35.2

		23.99		-33.1		-33.4		-45.0		-45.8		-36.0		-36.4

		25.12		-32.7		-32.9		-47.6		-48.4		-37.4		-37.8

		26.30		-32.3		-32.3		-50.3		-51.0		-38.9		-39.1

		27.54		-32.0		-31.8		-53.1		-53.7		-40.4		-40.5

		28.84		-31.6		-31.3		-56.0		-56.6		-41.9		-41.9

		30.20		-31.3		-30.8		-59.0		-59.6		-43.6		-43.4

		31.62		-30.9		-30.3		-62.2		-62.7		-45.3		-44.9

		33.11		-30.6		-29.8		-65.5		-66.1		-47.1		-46.6

		34.67		-30.3		-29.3		-69.3		-69.9		-49.1		-48.4

		36.31		-30.0		-28.8		-73.3		-74.0		-51.2		-50.3

		38.02		-29.7		-28.3		-77.4		-78.4		-53.5		-52.4

		39.81		-29.4		-27.9		-82.9		-84.3		-56.1		-54.6

		41.69		-29.2		-27.4		-87.9		-91.2		-58.8		-57.3

		43.65		-28.9		-26.9		-93.9		-100.6		-62.4		-60.3

		45.71		-28.7		-26.5		-103.2		-108.6		-66.2		-63.6

		47.86		-28.4		-26.1		-102.1		-112.3		-70.5		-68.4

		50.12		-28.2		-25.6		-123.7		-110.4		-78.0		-75.2

		52.48		-28.0		-25.2		-109.8		-117.2		-96.8		-92.6

		54.95		-27.8		-24.8		-107.1		-102.6		-80.7		-80.5

		57.54		-27.6		-24.4		-99.4		-97.1		-77.3		-73.9

		60.26		-27.3		-24.0		-104.3		-96.5		-74.0		-71.9

		63.10		-27.0		-23.4		-100.9		-96.0		-74.4		-70.0

		66.07		-26.8		-23.0		-107.4		-94.0		-72.0		-68.6

		69.18		-26.6		-22.6		-100.9		-93.0		-72.0		-67.5

		72.44		-26.5		-22.3		-95.6		-92.9		-72.0		-68.1

		75.86		-26.3		-21.9		-96.7		-90.3		-72.5		-67.1

		79.43		-26.0		-21.5		-94.7		-88.6		-71.0		-66.4

		83.18		-25.8		-21.1		-91.2		-86.3		-72.2		-66.9

		87.10		-25.5		-20.6		-90.2		-86.5		-72.8		-67.4

		91.20		-25.1		-20.1		-93.7		-87.2		-72.7		-68.4

		95.50		-24.8		-19.6		-99.7		-90.1		-77.2		-71.3

		100.00		-24.4		-19.0		-98.8		-91.2		-77.1		-72.4





Hor V or I

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0
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		Hi Z preamp

		Vertical bpm

		R103, R203 changed from 1.5k to 150k

		L104, L204 jumpered out

		50 ohm wire    (20 mA/V)

		measure thru bpm, preamp, and transition module

		Hz		A plate		B plate		A 1.5k		B 1.5k		A 150k		B 150k

		0.01		-62.6		-61.1		-55.1		-55.2		-25.6		-25.6

		0.01		-65.2		-67.8		-57.3		-57.6		-25.5		-25.6

		0.01		-66.6		-67.7		-56.6		-57.9		-25.4		-25.5

		0.01		-69.9		-69.8		-58.1		-58.7		-25.4		-25.5

		0.01		-74.5		-77.3		-58.6		-59.1		-25.3		-25.4

		0.01		-74.4		-76.1		-58.4		-58.8		-25.4		-25.4

		0.01		-82.2		-79.0		-58.6		-58.5		-25.3		-25.5

		0.01		-79.6		-79.0		-58.4		-59.0		-25.3		-25.4

		0.01		-84.9		-82.3		-58.0		-58.4		-25.2		-25.5

		0.02		-90.9		-84.2		-58.6		-58.5		-25.3		-25.2

		0.02		-93.1		-87.0		-58.1		-58.3		-25.2		-25.2

		0.02		-91.5		-92.9		-57.3		-57.2		-25.1		-25.3

		0.02		-90.2		-88.0		-57.0		-57.3		-25.1		-25.2

		0.02		-97.7		-94.4		-56.9		-57.0		-25.0		-25.2

		0.02		-91.7		-90.5		-56.6		-56.7		-25.0		-25.1

		0.02		-92.5		-88.4		-56.2		-56.3		-25.0		-25.0

		0.02		-88.3		-90.9		-55.8		-56.1		-24.9		-25.0

		0.02		-90.6		-93.2		-55.4		-55.7		-24.9		-25.0

		0.02		-97.8		-94.8		-55.1		-55.4		-24.9		-24.9

		0.02		-90.9		-91.2		-54.7		-55.0		-24.8		-24.9																		0.19		Zp/Zw

		0.03		-96.2		-93.0		-54.3		-54.5		-24.8		-24.8																		1		dt [nsec]

		0.03		-92.2		-94.0		-53.9		-54.1		-24.7		-24.8																MHz		wl/2v

		0.03		-93.9		-92.9		-53.5		-53.7		-24.7		-24.7														-24.2		0.01		-104.48

		0.03		-90.5		-93.3		-53.1		-53.3		-24.7		-24.7														-24.2		1		-64.48

		0.03		-88.6		-91.7		-52.7		-52.9		-24.6		-24.7														-24.2		100		-24.48

		0.03		-98.3		-91.3		-52.4		-52.5		-24.6		-24.6																		263		Zw

		0.03		-90.6		-95.3		-51.9		-52.1		-24.6		-24.6

		0.03		-93.2		-91.8		-51.5		-51.7		-24.5		-24.6

		0.04		-95.0		-90.6		-51.2		-51.4		-24.5		-24.5

		0.04		-94.7		-89.5		-50.7		-51.0		-24.5		-24.5

		0.04		-91.5		-92.4		-50.4		-50.5		-24.5		-24.5

		0.04		-90.6		-90.8		-50.0		-50.1		-24.4		-24.5

		0.04		-90.2		-90.6		-49.6		-49.7		-24.4		-24.5

		0.05		-90.5		-90.6		-49.2		-49.3		-24.4		-24.4

		0.05		-90.2		-90.4		-48.8		-48.9		-24.4		-24.4

		0.05		-90.7		-90.2		-48.4		-48.5		-24.4		-24.4

		0.05		-89.4		-89.6		-48.0		-48.1		-24.3		-24.4

		0.05		-89.6		-88.8		-47.6		-47.7		-24.3		-24.4

		0.06		-88.5		-89.2		-47.2		-47.3		-24.3		-24.3

		0.06		-88.0		-88.9		-46.8		-46.9		-24.3		-24.3

		0.06		-87.2		-87.9		-46.4		-46.5		-24.3		-24.3

		0.07		-88.0		-87.7		-46.0		-46.1		-24.3		-24.3

		0.07		-87.5		-87.3		-45.6		-45.7		-24.3		-24.3

		0.07		-86.7		-87.2		-45.2		-45.3		-24.3		-24.3

		0.08		-86.2		-86.7		-44.8		-44.9		-24.2		-24.3

		0.08		-86.4		-86.5		-44.4		-44.5		-24.2		-24.3

		0.08		-85.7		-86.0		-44.0		-44.1		-24.2		-24.2

		0.09		-85.5		-85.3		-43.6		-43.7		-24.2		-24.2

		0.09		-85.1		-84.9		-43.2		-43.3		-24.2		-24.2

		0.10		-84.7		-85.3		-42.8		-42.9		-24.2		-24.2

		0.10		-84.2		-84.3		-42.4		-42.5		-24.2		-24.2

		0.10		-84.0		-84.1		-42.0		-42.1		-24.2		-24.2

		0.11		-83.1		-83.4		-41.5		-41.7		-24.2		-24.2

		0.11		-82.9		-83.0		-41.2		-41.3		-24.2		-24.2

		0.12		-82.7		-83.0		-40.8		-40.9		-24.2		-24.2

		0.13		-82.3		-82.5		-40.4		-40.6		-24.2		-24.2

		0.13		-81.8		-82.0		-40.0		-40.2		-24.2		-24.2

		0.14		-81.6		-81.7		-39.6		-39.8		-24.1		-24.2

		0.14		-81.1		-81.3		-39.2		-39.4		-24.1		-24.2

		0.15		-80.8		-80.9		-38.8		-39.0		-24.1		-24.2

		0.16		-80.3		-80.4		-38.4		-38.6		-24.1		-24.2

		0.17		-80.0		-80.1		-38.1		-38.2		-24.1		-24.1

		0.17		-79.7		-79.8		-37.7		-37.8		-24.1		-24.1

		0.18		-79.2		-79.5		-37.3		-37.4		-24.1		-24.1

		0.19		-78.9		-79.0		-36.9		-37.1		-24.1		-24.1

		0.20		-78.4		-78.5		-36.5		-36.7		-24.1		-24.1

		0.21		-78.0		-78.2		-36.1		-36.3		-24.1		-24.1

		0.22		-77.6		-77.7		-35.8		-35.9		-24.1		-24.1

		0.23		-77.2		-77.4		-35.4		-35.5		-24.1		-24.1

		0.24		-76.9		-77.0		-35.0		-35.2		-24.1		-24.1

		0.25		-76.4		-76.6		-34.7		-34.8		-24.1		-24.1

		0.26		-76.1		-76.1		-34.3		-34.4		-24.1		-24.1

		0.28		-75.7		-75.8		-33.9		-34.0		-24.1		-24.1

		0.29		-75.3		-75.3		-33.6		-33.7		-24.1		-24.1

		0.30		-74.8		-75.1		-33.2		-33.3		-24.1		-24.1

		0.32		-74.5		-74.6		-32.9		-33.0		-24.1		-24.1

		0.33		-74.1		-74.3		-32.5		-32.6		-24.1		-24.1

		0.35		-73.7		-73.8		-32.2		-32.3		-24.1		-24.1

		0.36		-73.3		-73.4		-31.8		-31.9		-24.1		-24.1

		0.38		-72.9		-73.0		-31.5		-31.6		-24.1		-24.1

		0.40		-72.6		-72.7		-31.2		-31.3		-24.1		-24.1

		0.42		-72.1		-72.2		-30.8		-30.9		-24.1		-24.1

		0.44		-71.7		-71.9		-30.5		-30.6		-24.1		-24.1

		0.46		-71.3		-71.4		-30.2		-30.3		-24.1		-24.1

		0.48		-70.9		-71.1		-29.9		-30.0		-24.1		-24.1

		0.50		-70.5		-70.7		-29.6		-29.7		-24.1		-24.1

		0.52		-70.1		-70.2		-29.3		-29.4		-24.1		-24.1

		0.55		-69.7		-69.8		-29.0		-29.1		-24.1		-24.1

		0.58		-69.3		-69.4		-28.8		-28.8		-24.1		-24.1

		0.60		-68.9		-69.0		-28.5		-28.5		-24.1		-24.1

		0.63		-68.5		-68.7		-28.2		-28.3		-24.1		-24.1

		0.66		-68.1		-68.2		-28.0		-28.0		-24.1		-24.1

		0.69		-67.7		-67.8		-27.7		-27.8		-24.1		-24.1

		0.72		-67.4		-67.5		-27.5		-27.5		-24.1		-24.1

		0.76		-67.0		-67.1		-27.3		-27.3		-24.1		-24.1

		0.79		-66.6		-66.6		-27.1		-27.1		-24.1		-24.1

		0.83		-66.1		-66.3		-26.8		-26.9		-24.1		-24.1

		0.87		-65.8		-65.8		-26.6		-26.7		-24.1		-24.1

		0.91		-65.3		-65.4		-26.4		-26.5		-24.1		-24.1

		0.95		-64.9		-65.1		-26.3		-26.3		-24.1		-24.1

		1.00		-64.6		-64.6		-26.1		-26.1		-24.1		-24.1

		1.05		-64.1		-64.2		-25.9		-25.9		-24.1		-24.1

		1.10		-63.7		-63.8		-25.8		-25.8		-24.1		-24.1

		1.15		-63.3		-63.4		-25.6		-25.6		-24.1		-24.1

		1.20		-63.0		-63.0		-25.5		-25.5		-24.1		-24.1

		1.26		-62.5		-62.6		-25.4		-25.3		-24.1		-24.1

		1.32		-62.1		-62.2		-25.2		-25.2		-24.1		-24.1

		1.38		-61.7		-61.8		-25.1		-25.1		-24.1		-24.1

		1.45		-61.3		-61.4		-25.0		-25.0		-24.1		-24.1

		1.51		-60.9		-61.0		-24.9		-24.9		-24.1		-24.1

		1.58		-60.5		-60.6		-24.8		-24.8		-24.1		-24.1

		1.66		-60.1		-60.2		-24.7		-24.7		-24.1		-24.1

		1.74		-59.7		-59.8		-24.6		-24.6		-24.1		-24.1

		1.82		-59.3		-59.4		-24.6		-24.5		-24.1		-24.1

		1.91		-58.9		-59.0		-24.5		-24.4		-24.1		-24.1

		2.00		-58.5		-58.6		-24.4		-24.3		-24.1		-24.1

		2.09		-58.1		-58.1		-24.4		-24.3		-24.1		-24.1

		2.19		-57.8		-57.7		-24.3		-24.2		-24.1		-24.1

		2.29		-57.3		-57.3		-24.2		-24.1		-24.1		-24.0

		2.40		-56.9		-56.9		-24.2		-24.1		-24.1		-24.0

		2.51		-56.5		-56.5		-24.1		-24.0		-24.1		-24.0

		2.63		-56.1		-56.1		-24.1		-24.0		-24.1		-24.0

		2.75		-55.7		-55.7		-24.0		-23.9		-24.1		-24.0

		2.88		-55.3		-55.2		-24.0		-23.8		-24.1		-24.0

		3.02		-54.9		-54.8		-24.0		-23.8		-24.1		-24.0

		3.16		-54.5		-54.4		-23.9		-23.7		-24.2		-24.0

		3.31		-54.1		-54.0		-23.9		-23.7		-24.2		-24.0

		3.47		-53.8		-53.6		-23.8		-23.6		-24.2		-24.0

		3.63		-53.3		-53.1		-23.8		-23.6		-24.2		-24.0

		3.80		-52.9		-52.7		-23.8		-23.5		-24.2		-24.0

		3.98		-52.5		-52.3		-23.7		-23.5		-24.2		-24.0

		4.17		-52.1		-51.9		-23.7		-23.4		-24.2		-24.0

		4.37		-51.7		-51.4		-23.7		-23.4		-24.2		-24.0

		4.57		-51.3		-51.0		-23.6		-23.3		-24.2		-24.0

		4.79		-51.0		-50.6		-23.6		-23.3		-24.3		-23.9

		5.01		-50.6		-50.1		-23.6		-23.2		-24.3		-23.9

		5.25		-50.2		-49.7		-23.5		-23.2		-24.3		-23.9

		5.50		-49.8		-49.2		-23.5		-23.1		-24.3		-23.9

		5.75		-49.4		-48.8		-23.5		-23.0		-24.3		-23.9

		6.03		-49.0		-48.3		-23.4		-23.0		-24.3		-23.9

		6.31		-48.6		-47.9		-23.4		-22.9		-24.4		-23.9

		6.61		-48.2		-47.4		-23.4		-22.8		-24.4		-23.8

		6.92		-47.8		-46.9		-23.4		-22.7		-24.4		-23.8

		7.24		-47.4		-46.4		-23.3		-22.7		-24.5		-23.8

		7.59		-47.0		-46.0		-23.3		-22.6		-24.5		-23.8

		7.94		-46.6		-45.5		-23.3		-22.5		-24.5		-23.8

		8.32		-46.2		-45.0		-23.3		-22.4		-24.6		-23.8

		8.71		-45.8		-44.5		-23.3		-22.4		-24.6		-23.8

		9.12		-45.4		-44.0		-23.3		-22.3		-24.7		-23.8

		9.55		-45.0		-43.5		-23.4		-22.3		-24.8		-23.8

		10.00		-44.6		-43.0		-23.5		-22.3		-24.9		-23.8

		10.47		-44.2		-42.4		-23.6		-22.4		-25.0		-23.8

		10.96		-43.8		-41.9		-23.8		-22.5		-25.2		-23.9

		11.48		-43.5		-41.4		-24.0		-22.6		-25.4		-24.0

		12.02		-43.1		-40.8		-24.4		-22.9		-25.6		-24.1

		12.59		-42.7		-40.3		-24.9		-23.2		-25.9		-24.3

		13.18		-42.3		-39.7		-25.5		-23.7		-26.3		-24.5

		13.80		-41.9		-39.1		-26.2		-24.4		-26.7		-24.8

		14.45		-41.6		-38.6		-27.2		-25.2		-27.3		-25.3

		15.14		-41.2		-38.0		-28.3		-26.2		-28.0		-25.8

		15.85		-40.8		-37.4		-29.6		-27.4		-28.8		-26.4

		16.60		-40.5		-36.8		-31.2		-28.8		-29.7		-27.2

		17.38		-40.2		-36.2		-32.9		-30.3		-30.7		-28.1

		18.20		-39.8		-35.6		-34.8		-32.1		-31.9		-29.0

		19.05		-39.4		-35.0		-36.8		-33.9		-33.1		-30.0

		19.95		-39.1		-34.3		-38.9		-35.9		-34.4		-31.1

		20.89		-38.7		-33.7		-41.2		-38.0		-35.7		-32.3

		21.88		-38.4		-33.1		-43.5		-40.1		-37.2		-33.5

		22.91		-38.1		-32.4		-46.0		-42.4		-38.6		-34.7

		23.99		-37.7		-31.8		-48.5		-44.7		-40.1		-36.0

		25.12		-37.4		-31.1		-51.1		-47.1		-41.7		-37.3

		26.30		-37.1		-30.5		-53.8		-49.6		-43.3		-38.6

		27.54		-36.8		-29.8		-56.6		-52.2		-44.9		-39.9

		28.84		-36.6		-29.2		-59.5		-54.9		-46.5		-41.3

		30.20		-36.3		-28.6		-62.5		-57.8		-48.2		-42.7

		31.62		-36.1		-28.0		-65.7		-60.8		-49.9		-44.1

		33.11		-35.9		-27.4		-69.2		-64.1		-51.7		-45.5

		34.67		-35.7		-26.8		-72.7		-67.6		-53.5		-47.1

		36.31		-35.5		-26.2		-77.0		-71.8		-55.5		-48.6

		38.02		-35.4		-25.7		-81.0		-76.2		-57.5		-50.3

		39.81		-35.2		-25.1		-85.8		-82.0		-59.8		-52.1

		41.69		-35.1		-24.6		-91.8		-88.8		-62.1		-53.9

		43.65		-35.0		-24.1		-98.9		-100.6		-64.9		-56.1

		45.71		-35.0		-23.6		-100.6		-104.5		-67.9		-58.8

		47.86		-34.9		-23.1		-107.5		-104.1		-72.5		-62.1

		50.12		-34.9		-22.6		-102.5		-107.9		-79.6		-67.5

		52.48		-34.8		-22.1		-108.0		-104.1		-90.6		-80.6

		54.95		-34.8		-21.7		-104.7		-100.9		-79.0		-70.4

		57.54		-34.7		-21.2		-103.3		-94.1		-73.9		-63.7

		60.26		-34.7		-20.8		-108.5		-92.6		-71.5		-59.4

		63.10		-34.6		-20.3		-102.3		-91.4		-69.8		-56.4

		66.07		-34.5		-19.9		-102.8		-88.8		-68.6		-53.8

		69.18		-34.4		-19.5		-97.8		-90.0		-68.1		-51.4

		72.44		-34.4		-19.1		-99.1		-86.8		-68.5		-49.5

		75.86		-34.3		-18.7		-97.3		-85.4		-70.4		-47.7

		79.43		-34.2		-18.3		-100.8		-84.3		-78.3		-46.5

		83.18		-34.0		-17.8		-104.3		-83.4		-74.8		-45.7

		87.10		-33.8		-17.3		-95.4		-83.2		-67.4		-45.7

		91.20		-33.5		-16.8		-92.6		-84.2		-64.5		-46.4

		95.50		-33.2		-16.3		-97.5		-84.9		-65.0		-48.0

		100.00		-32.8		-15.8		-111.0		-89.8		-66.7		-50.1
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		Hi Z preamp

		Horizontal bpm

		measure plate signal into 50ohms

		wire terminated before bpm and after bpm to compare V and I coupling

				50ohms after bpm				50ohms b4 bpm				difference

		Hz		A2		B2		A3		B3		a2-a3		b2-b3

		0.01		-54.2		-56.2		-56.2		-54.2		2.0		-2.0

		0.01		-68.1		-64.7		-62.6		-68.6		-5.5		4.0

		0.01		-66.6		-61.6		-57.4		-62.4		-9.2		0.8

		0.01		-66.2		-69.6		-70.6		-63.8		4.4		-5.8

		0.01		-74.7		-76.1		-74.0		-71.3		-0.7		-4.8

		0.01		-87.3		-72.0		-75.0		-69.6		-12.2		-2.4

		0.01		-75.8		-71.5		-75.9		-77.8		0.1		6.2

		0.01		-74.6		-73.2		-77.0		-84.3		2.4		11.2

		0.01		-80.2		-82.3		-81.9		-70.6		1.7		-11.7

		0.02		-74.5		-86.7		-77.6		-82.9		3.2		-3.8

		0.02		-82.4		-83.5		-102.7		-82.6		20.3		-0.9

		0.02		-84.8		-89.2		-77.1		-85.5		-7.7		-3.7

		0.02		-92.1		-88.8		-81.6		-80.2		-10.5		-8.6

		0.02		-87.0		-90.5		-95.1		-83.6		8.2		-6.9

		0.02		-81.3		-86.4		-81.9		-87.5		0.6		1.1

		0.02		-85.8		-82.5		-80.7		-85.1		-5.2		2.6

		0.02		-89.4		-87.4		-86.0		-88.5		-3.4		1.1

		0.02		-96.5		-85.1		-88.5		-83.9		-8.0		-1.2

		0.02		-86.8		-81.4		-91.8		-82.6		5.0		1.3

		0.02		-87.8		-108.7		-84.4		-98.8		-3.4		-9.9																		0.23		Zp/Zw

		0.03		-91.2		-87.0		-85.8		-90.2		-5.4		3.1																		1		dt [nsec]

		0.03		-93.5		-85.9		-87.8		-93.4		-5.8		7.6																MHz		wl/2v

		0.03		-87.7		-82.2		-83.7		-86.7		-4.0		4.5																0.01		-102.82

		0.03		-87.3		-90.7		-84.0		-87.8		-3.3		-2.9																1		-62.82

		0.03		-78.6		-84.9		-83.9		-86.4		5.3		1.5																100		-22.82

		0.03		-80.3		-82.5		-79.9		-103.5		-0.4		21.0																		217		Zw

		0.03		-87.4		-93.0		-82.8		-98.7		-4.6		5.8

		0.03		-91.7		-88.5		-95.1		-100.2		3.4		11.7

		0.04		-85.6		-90.2		-92.8		-87.7		7.2		-2.5

		0.04		-81.5		-86.9		-87.8		-84.5		6.3		-2.4

		0.04		-88.4		-86.4		-83.8		-92.9		-4.6		6.5

		0.04		-89.0		-88.0		-89.2		-88.0		0.2		0.0

		0.04		-87.4		-87.0		-88.9		-90.8		1.5		3.7

		0.05		-84.6		-90.5		-85.1		-93.1		0.5		2.6

		0.05		-85.7		-88.4		-88.1		-92.0		2.3		3.6

		0.05		-86.9		-87.7		-84.9		-89.3		-2.0		1.6

		0.05		-88.2		-88.4		-85.2		-88.2		-3.0		-0.2

		0.05		-86.4		-87.5		-85.8		-85.4		-0.6		-2.2

		0.06		-84.6		-89.5		-86.9		-86.5		2.3		-3.0

		0.06		-84.5		-87.8		-88.9		-87.5		4.4		-0.4

		0.06		-86.4		-89.8		-84.9		-88.6		-1.4		-1.2

		0.07		-82.6		-87.9		-86.2		-89.3		3.5		1.4

		0.07		-83.2		-87.0		-85.4		-82.5		2.2		-4.6

		0.07		-84.6		-86.7		-84.1		-86.5		-0.4		-0.2

		0.08		-85.0		-88.6		-84.5		-86.8		-0.5		-1.8

		0.08		-83.5		-86.8		-84.7		-85.7		1.3		-1.2

		0.08		-82.7		-85.7		-83.7		-85.7		1.0		-0.0

		0.09		-83.8		-84.0		-83.3		-83.4		-0.5		-0.6

		0.09		-83.6		-83.7		-81.8		-84.4		-1.8		0.7

		0.10		-81.6		-84.7		-81.6		-85.7		-0.0		1.0

		0.10		-80.9		-84.6		-82.0		-83.7		1.0		-0.9

		0.10		-81.2		-83.7		-80.4		-83.3		-0.8		-0.4

		0.11		-80.0		-82.9		-81.0		-81.1		1.0		-1.8

		0.11		-80.3		-83.4		-79.9		-82.3		-0.5		-1.1

		0.12		-79.5		-82.0		-80.2		-83.2		0.7		1.3

		0.13		-80.7		-80.5		-79.4		-81.3		-1.3		0.8

		0.13		-79.1		-81.5		-78.5		-81.0		-0.6		-0.4

		0.14		-78.9		-82.2		-78.5		-81.1		-0.4		-1.1

		0.14		-78.5		-80.4		-78.5		-80.3		0.0		-0.1

		0.15		-78.1		-79.9		-77.7		-81.0		-0.4		1.1

		0.16		-77.8		-80.0		-77.4		-79.6		-0.3		-0.4

		0.17		-77.4		-79.9		-77.4		-79.7		0.1		-0.2

		0.17		-76.5		-79.7		-76.8		-79.1		0.2		-0.6

		0.18		-76.5		-79.1		-76.9		-78.7		0.4		-0.4

		0.19		-75.9		-77.9		-76.0		-78.3		0.0		0.3

		0.20		-75.8		-77.5		-75.8		-78.6		0.0		1.1

		0.21		-75.0		-77.5		-75.3		-77.7		0.3		0.2

		0.22		-74.9		-77.7		-75.0		-77.6		0.0		-0.1

		0.23		-74.2		-77.2		-74.7		-77.5		0.5		0.3

		0.24		-73.9		-76.7		-74.0		-76.3		0.1		-0.3

		0.25		-73.9		-75.9		-73.7		-75.5		-0.2		-0.4

		0.26		-73.3		-75.5		-73.7		-75.7		0.4		0.2

		0.28		-72.7		-74.9		-72.9		-75.0		0.2		0.1

		0.29		-72.5		-74.7		-72.6		-74.4		0.1		-0.3

		0.30		-72.3		-75.0		-71.9		-74.4		-0.3		-0.6

		0.32		-71.7		-74.0		-71.9		-73.9		0.2		-0.1

		0.33		-71.0		-73.9		-71.4		-73.1		0.4		-0.8

		0.35		-70.8		-73.4		-70.8		-73.2		0.0		-0.3

		0.36		-70.4		-73.1		-70.5		-72.9		0.1		-0.2

		0.38		-70.0		-72.8		-70.2		-72.6		0.2		-0.2

		0.40		-69.6		-72.1		-69.9		-71.7		0.3		-0.4

		0.42		-69.6		-71.7		-69.6		-71.7		0.0		0.0

		0.44		-68.9		-71.6		-69.0		-71.2		0.1		-0.4

		0.46		-68.2		-71.0		-68.7		-70.9		0.5		-0.1

		0.48		-67.8		-70.7		-68.3		-70.3		0.4		-0.4

		0.50		-67.5		-70.2		-68.0		-70.0		0.5		-0.2

		0.52		-67.1		-69.8		-67.4		-69.5		0.3		-0.3

		0.55		-66.8		-69.2		-67.0		-69.3		0.2		0.1

		0.58		-66.4		-69.1		-66.6		-68.9		0.2		-0.2

		0.60		-66.1		-68.6		-66.2		-68.3		0.1		-0.3

		0.63		-65.6		-68.2		-65.7		-68.0		0.1		-0.3

		0.66		-65.3		-67.8		-65.3		-67.5		-0.0		-0.3

		0.69		-64.8		-67.2		-64.8		-67.2		0.0		-0.1

		0.72		-64.4		-66.9		-64.5		-66.8		0.2		-0.1

		0.76		-64.0		-66.4		-64.2		-66.3		0.2		-0.1

		0.79		-63.8		-66.1		-63.8		-66.0		0.0		-0.1

		0.83		-63.3		-65.8		-63.4		-65.5		0.2		-0.3

		0.87		-62.9		-65.4		-62.9		-65.2		0.1		-0.2

		0.91		-62.4		-64.8		-62.6		-64.8		0.2		0.0

		0.95		-62.0		-64.6		-62.1		-64.3		0.2		-0.3

		1.00		-61.6		-64.2		-61.8		-63.9		0.1		-0.2

		1.05		-61.3		-63.7		-61.4		-63.6		0.2		-0.1

		1.10		-60.9		-63.3		-60.9		-63.2		0.1		-0.2

		1.15		-60.4		-62.9		-60.6		-62.8		0.2		-0.1

		1.20		-60.0		-62.4		-60.1		-62.4		0.1		0.0

		1.26		-59.6		-62.1		-59.7		-62.0		0.1		-0.2

		1.32		-59.2		-61.7		-59.4		-61.6		0.1		-0.2

		1.38		-58.8		-61.3		-59.0		-61.1		0.2		-0.2

		1.45		-58.4		-60.8		-58.5		-60.7		0.1		-0.1

		1.51		-58.1		-60.5		-58.2		-60.3		0.1		-0.2

		1.58		-57.6		-60.1		-57.8		-59.9		0.2		-0.2

		1.66		-57.3		-59.7		-57.4		-59.5		0.1		-0.2

		1.74		-56.8		-59.4		-56.9		-59.2		0.1		-0.2

		1.82		-56.4		-58.9		-56.5		-58.7		0.1		-0.2

		1.91		-56.0		-58.5		-56.2		-58.3		0.2		-0.1

		2.00		-55.6		-58.1		-55.8		-57.9		0.2		-0.3

		2.09		-55.2		-57.7		-55.3		-57.5		0.1		-0.1

		2.19		-54.8		-57.3		-54.9		-57.1		0.1		-0.2

		2.29		-54.4		-56.8		-54.6		-56.7		0.2		-0.1

		2.40		-54.0		-56.5		-54.1		-56.4		0.1		-0.2

		2.51		-53.6		-56.1		-53.8		-55.9		0.1		-0.1

		2.63		-53.2		-55.7		-53.4		-55.6		0.2		-0.1

		2.75		-52.8		-55.3		-52.9		-55.1		0.1		-0.1

		2.88		-52.4		-54.8		-52.6		-54.7		0.1		-0.1

		3.02		-52.0		-54.5		-52.1		-54.3		0.1		-0.1

		3.16		-51.6		-54.1		-51.7		-53.9		0.1		-0.1

		3.31		-51.2		-53.7		-51.3		-53.5		0.1		-0.1

		3.47		-50.8		-53.3		-50.9		-53.1		0.1		-0.2

		3.63		-50.4		-52.8		-50.6		-52.7		0.2		-0.1

		3.80		-50.0		-52.4		-50.2		-52.3		0.2		-0.1

		3.98		-49.6		-52.0		-49.7		-51.9		0.1		-0.1

		4.17		-49.2		-51.6		-49.3		-51.5		0.1		-0.1

		4.37		-48.8		-51.2		-48.9		-51.1		0.1		-0.1

		4.57		-48.4		-50.8		-48.5		-50.7		0.1		-0.1

		4.79		-48.0		-50.4		-48.2		-50.3		0.2		-0.1

		5.01		-47.6		-50.0		-47.7		-49.9		0.1		-0.1

		5.25		-47.2		-49.5		-47.3		-49.5		0.1		-0.0

		5.50		-46.8		-49.1		-46.9		-49.1		0.1		0.0

		5.75		-46.4		-48.7		-46.5		-48.7		0.1		0.0

		6.03		-46.0		-48.3		-46.1		-48.3		0.1		0.0

		6.31		-45.6		-47.9		-45.7		-47.9		0.1		0.0

		6.61		-45.2		-47.4		-45.3		-47.5		0.1		0.0

		6.92		-44.8		-47.0		-44.9		-47.1		0.1		0.1

		7.24		-44.4		-46.6		-44.5		-46.7		0.1		0.1

		7.59		-44.0		-46.2		-44.1		-46.3		0.1		0.1

		7.94		-43.6		-45.7		-43.7		-45.9		0.1		0.1

		8.32		-43.2		-45.3		-43.3		-45.4		0.1		0.1

		8.71		-42.7		-44.8		-42.9		-45.1		0.1		0.2

		9.12		-42.3		-44.4		-42.4		-44.6		0.1		0.2

		9.55		-41.9		-44.0		-42.0		-44.2		0.1		0.3

		10.00		-41.5		-43.5		-41.6		-43.8		0.1		0.3

		10.47		-41.1		-43.1		-41.2		-43.4		0.1		0.3

		10.96		-40.7		-42.6		-40.8		-43.0		0.1		0.4

		11.48		-40.3		-42.1		-40.4		-42.6		0.1		0.4

		12.02		-39.9		-41.7		-40.0		-42.2		0.1		0.5

		12.59		-39.5		-41.2		-39.6		-41.8		0.1		0.5

		13.18		-39.1		-40.8		-39.1		-41.4		0.1		0.6

		13.80		-38.7		-40.3		-38.7		-40.9		0.1		0.6

		14.45		-38.3		-39.8		-38.3		-40.5		0.0		0.7

		15.14		-37.9		-39.3		-37.9		-40.1		0.0		0.8

		15.85		-37.4		-38.8		-37.5		-39.7		0.0		0.9

		16.60		-37.0		-38.3		-37.1		-39.3		0.0		0.9

		17.38		-36.6		-37.8		-36.6		-38.9		0.0		1.0

		18.20		-36.2		-37.3		-36.2		-38.4		-0.0		1.1

		19.05		-35.8		-36.8		-35.8		-38.0		-0.0		1.2

		19.95		-35.4		-36.3		-35.3		-37.6		-0.1		1.3

		20.89		-34.9		-35.7		-34.9		-37.2		-0.1		1.4

		21.88		-34.5		-35.2		-34.4		-36.7		-0.1		1.6

		22.91		-34.1		-34.6		-34.0		-36.3		-0.1		1.7

		23.99		-33.7		-34.1		-33.6		-35.9		-0.2		1.8

		25.12		-33.3		-33.5		-33.1		-35.4		-0.2		1.9

		26.30		-32.9		-33.0		-32.7		-35.0		-0.2		2.0

		27.54		-32.5		-32.4		-32.2		-34.6		-0.3		2.1

		28.84		-32.1		-31.9		-31.8		-34.1		-0.3		2.3

		30.20		-31.7		-31.3		-31.3		-33.7		-0.4		2.4

		31.62		-31.4		-30.8		-30.9		-33.3		-0.5		2.5

		33.11		-31.0		-30.2		-30.5		-32.9		-0.6		2.6

		34.67		-30.7		-29.7		-30.0		-32.5		-0.6		2.8

		36.31		-30.4		-29.2		-29.6		-32.1		-0.8		2.9

		38.02		-30.0		-28.7		-29.2		-31.7		-0.9		3.0

		39.81		-29.7		-28.2		-28.8		-31.3		-1.0		3.1

		41.69		-29.4		-27.7		-28.3		-30.9		-1.1		3.2

		43.65		-29.2		-27.2		-27.9		-30.5		-1.3		3.3

		45.71		-28.9		-26.7		-27.5		-30.2		-1.4		3.4

		47.86		-28.6		-26.3		-27.0		-29.8		-1.6		3.5

		50.12		-28.4		-25.8		-26.6		-29.4		-1.7		3.6

		52.48		-28.1		-25.3		-26.2		-29.1		-1.9		3.7

		54.95		-27.9		-24.9		-25.7		-28.7		-2.2		3.8

		57.54		-27.6		-24.5		-25.2		-28.3		-2.4		3.8

		60.26		-27.4		-24.1		-24.8		-27.9		-2.6		3.9

		63.10		-27.2		-23.6		-24.2		-27.5		-2.9		3.9

		66.07		-27.0		-23.2		-23.7		-27.1		-3.3		3.9

		69.18		-26.7		-22.8		-23.1		-26.7		-3.7		3.8

		72.44		-26.5		-22.4		-22.5		-26.2		-4.1		3.8

		75.86		-26.3		-22.0		-21.8		-25.7		-4.5		3.7

		79.43		-26.0		-21.6		-21.0		-25.1		-5.0		3.6

		83.18		-25.7		-21.1		-20.1		-24.5		-5.6		3.4

		87.10		-25.4		-20.6		-19.0		-23.7		-6.4		3.1

		91.20		-25.1		-20.1		-17.8		-22.8		-7.3		2.7

		95.50		-24.7		-19.6		-16.2		-21.6		-8.4		2.0

		100.00		-24.3		-19.1		-14.2		-20.1		-10.1		1.0
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