1. Analyze band 3 2007 Scan 17, using no probe model correction.

2. Analyze recent band 9 data (using Cosine probe model correction). Use format similar to Andrey’s report.

3. Reanalyze PAI data using cosine probe model correction

4. Use new spreadsheet to get single nearfield from two individual nearfield listings from a scan (to correct for standing wave ratio). Use this nearfield to do the far field transform. Do this for every scan.

5. Analyze band 3 2007 Scan 17, using cosine probe model correction.

6. Analyze recent band 3 scans, using no probe model correction.

REH Comments.  Overall I am not quite sure what problem Geoff was trying to solve with this particular program of investigations, but it seems that there is a big emphasis on the effect of probe corrections.  I thought we had been told that nature of the probe was such that it had negligible effect, but I guess that before Geoff left he must have realized that this is not so.  After a quick look through the data that Josh sent, here are some comments:

Items 1 & 5.  Comparison of the effect of the probe correction on 2007 Scan 17.  There is no change in the centre of area or centre of mass numbers, which is good.  The spill-over number changes from 98.4% (uncorrected) to 95.6% (corrected).  This is quite a large change and it seems to imply that the correction makes the beam wider, which is I think what one would expect.  (Deconvolution in the measurement plane is equivalent to multiplying in the far-field by something that looks like one over a Gaussian, so the outer part of the pattern should come up.)  On the other hand when I look at the pictures I see that the corrected version of the colour plot is clearly narrower than the uncorrected (at least at the 20dB yellow-to-green contour, which is the easy one to check by eye) so that is the reverse.  The cuts through the beams, however, look exactly the same, so that leaves me very confused.  I think some re-checking of the cut-and-paste steps is needed here.

If one just takes the numerical result as the correct one, then it looks as if this may be the solution to the supposed narrow beam problem on Band 3.  (I spent some time on Friday quizzing Ferdinand Patt to see if there was any way in which we could have got the separation between the horn/lens and M1 wrong by 10%.  It didn’t seem very likely.)
Two questions here:
a) What horn was actually used to make this measurement?  Is there a drawing of it?  How about a beam pattern – either theory or measurement.

b) What is the model?  I gather you are using cos^N.  What are the N values?  (Also does the cos^N model apply to the power in the horn pattern or the amplitude?)
Item 2.  The new Band 9 data.  One point is that it says “format similar to Andrey’s report”.  Is there a recent report from Andrey or is that just a reference back to the set of power point slides that we were sent when we started this discussion?  If there is a report resulting from Andrey’s visit of the week before last please send it round.  Goeff said he would circulate one before he went away, but I haven’t seen it.

I am not sure exactly what we should be looking for here.  At first sight the coupling efficiencies look pretty good, which is positive.  There are however lots of things that are not very encouraging:

a) Just looking at the maps the signal to noise ratio is relatively poor - there seems to be lots of lumpy stuff at about the -35dB level and even the peaks of the pattern are not smooth.  We should look at the raw data to understand this better.

b) There are inconsistencies.  From the labels, scans 75 and 76 ought to be the same but they are very different – both to look at and in the numbers.  Perhaps 75 is really Pol 0?
c) The beams are not well pointed towards the secondary.  They are mostly at about -1.4 degrees in elevation instead of the 0.97 required.  They are also bouncing around a lot.

d) These all have a fairly large shift in the Z-component of the phase centre applied – of order 300mm.  We really need to get to the bottom of where this is coming from.  Are these data processed with the 200mm distance from the probe to the aperture under test applied?  If so then I suggest reprocessing one sample data set with this distance set to zero and then once more with it set to -200mm.  If things are making sense the Z-offset should change by 200mm each time.  Once we understand the signs (and how that depends on the sideband used) we can try to figure out what these Z-offsets mean.
e) In this case you have given the N-numbers for the probe correction.  These imply a relatively narrow beam – about 11 by 15 degrees half width (again I am not clear whether this is amplitude or power).  Is that right for the horn that was used?

Item 3.  The point of this was presumably to see what changes result from applying the corrections.  I haven’t had time to go through and make the comparisons with the numbers in the acceptance test document, but I did the obvious check of looking at Band 3 2007 Scan 17.  I find that the numbers seem to be the same as in the item 1&5 sheet but the picture looks completely different.  It seems to have a “floor” at ~30-odd dB.  The one for the corrected data in the comparison goes down to ~50dB.  I thought these were the same data sets.  What is going on here, please?  
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The same questions relating to the probe corrections apply here.  What do the various horns used for the different bands look like?  Are they a scaled set so that the same probe corrections apply?  Even if they are, then there is presumably a frequency dependence of the N-number used in the correction – the patterns will get narrower as we go up in frequency in a given band.  Has that been taken into account?
Item 4.  This refers to a new spread-sheet.  Has this in fact been used in processing the various data sets?  If so which ones?  Could we have the maths of what this new spreadsheet does please? 

Item 6 is the new Band 3 scans.  As I mentioned the main interest here was to track down the “speckly” effect.  The hypothesis being tested is that this is due to signal propagating direct from the window.  There were two tests suggested:

a) do a scan with finer resolution in the Near Field than before.  I think something like 1.75mm was being used for 94GHz, which is a little more than lambda/2.  I suggest going down to ~1.4mm or (if the scan time isn’t too long) 1.25mm.  
b) measure the signal coming direct from the window.  To do this, take off the warm optics but leave everything else the same.  Repeat the measurement that you would normally make with the warm optics on (i.e. all the parameters as for scan a) above.  Do this without changing the gain settings or other knobs and switches so we can understand the relative levels.  (What we expect to see here is the far out sidelobe-pattern from the beam of the horn/lens plus scattering from the window, etc.)
In both cases we want to look first at the Near-field patterns and note that we don’t want to normalize these to the peak.

We can make far-field plots as well but we want to go out to much wider angles than the +/- 10 degrees that has been used before.  If the NSI software won’t do that we should use Fred’s.
I note that the probe will actually have a big effect on what we see here.  In generally the corrections will be larger for the wider-angle beams coming from the horn-lens than for the more collimated beam going to the subreflector – basically it does see stuff coming sideways.  If the probe beam is actually quite narrow that makes this hypothesis unlikely anyway.
Richard Hills  








21st June 08

Response from Josh 24th June:

Hi Richard, this email is in response to your questions and comments to me regarding my items from the meeting. 

*Item 1:* 
Horn actually used to make the measurement- 
For band 3 we use a WR10. 

Cosine Probe Model- 

It is cos^N model. The N values we use for bands 3, 6, 7, and 9 are: 
Band 3: 
N(Az)= 154 
N(El)= 93 

Band 6: 
N(Az)= 124 
N(El)= 62 

Band 7: 
N(Az)= 118 
N(El)= 62 

Band 9: 
N(Az)= 138 
N(El)= 83 

With regard to your question of whether the model applies to power or horn amplitude, I copied and pasted this section from the NSI manual which discusses the Cosine probe model: 

"3.3.3 Cosine Model 
The Cosine model is provided to give you the option of easily specifying a principal-Pol cosine 
power pattern for your probe. No cross-Pol is assumed for this model. This is most often used 
when only principle plane cuts are known. The numbers in the boxes are power factors that will 
be applied in the azimuth and elevation directions. To determine the power factor, take the –10 
dB points on the azimuth and elevation cuts and apply the following formulas: 
CosN(az) = -0.5/{Log10[Cos(Az angle-10)]} 
CosN(el) = -0.5/{Log10[Cos(El angle-10)]} 
For example: 
-10 dB point at Az = 30 deg, CosN(az) = 8.0 

...Cosine is used if the cosine-power pattern factor is known for the antenna." 

I also found some information about the cosine probe model at the NSI website: 
http://www.nearfield.com/techsupport/CosProbModel/CosineProbeModel.html 

*Item 2- Report similar to Andrey's report* 

Unfortunately I haven't received the report from Andrey yet, so I was not able to put my data in a similar format as his. I just put the data together the way I did for the other scans, in case anyone wanted to look at it. As soon as get a copy of Andrey's report, I can modify the way my data is presented accordingly. 

Regarding the rest of your questions for Item 2 (recent band 9 scans), I'm afraid I might not be able to sufficiently answer them without consulting Geoff first. I'll follow up with him as soon as he returns from vacation. 

*Items 3 and 5-* Effect of probe model on a single scan (Band 3, 2007, scan 17) 
I'm not sure why the floor is different when using a cosine probe model, versus no probe model at all for the same scan. I may need to ask Geoff about this when he returns. 

Regarding horns, these are the horns we use for each band: 
Band 3, 84-116 GHz: WR10 
Band 6, 211-275 GHz: WR3.4 
Band 7, 275-373 GHz: WR2.8 
Band 9, 602-720 GHz: WR1.5 


*Item 4-* New spreadsheet for calculating "average" nearfield listing 
Geoff was concerned that the NSI software was incorrectly producing an average nearfield listing from the two individual listings (one for each Z distance). Geoff felt that the NSI software was just getting the average values for the two listings, rather than properly accounting for VSWR. Thus Geoff and I came up with a new spreadsheet to calculate a nearfield listing from the two individual listings (Geoff gave me the formulas, and I implemented them in the sheet). I uploaded the spreadsheet here: http://www.cv.nrao.edu/~jcrabtre/Two%20Z%20Listings%20Nearfield.xls. (As a side note, I will be hosting files related to beam patterns at my NRAO site: http://www.cv.nrao.edu/~jcrabtre).The macro buttons are just used for automatically importing and exporting nearfield listings. The the original nearfield listings can be copied and pasted into the appropriate columns, and the calculations will be the same. The resulting amplitude values are in column AB. We have not added calculations for a resulting phase column, so I have been copying the original phase column for beam 1. I don't know if it is necessary to produce a new phase column or not, this is something I have been meaning to ask Geoff as soon as he gets back. 

*Item 6-* Instructions for current band 3 scans 
Morgan and I are currently preforming scans, according to these instructions. 

I'm sorry I wasn't able to answer all of the questions, but I will ask Geoff about it when he returns. Thanks. 

-Josh 


Richard Hills wrote: 


Dear Josh, 

I had a chance to look through this and the some of the other material you sent while I was on the train today. I have added some notes. I am not sure how much time you will have to spend on this in the coming week but there are plenty of things to look at. I also don't know how other people are set, but I suggest that if you are in need of guidance on priorities, etc., you check with Darrell and for more local input on, e.g. interpretation of the data, with Fred and Todd if they are available. I will still be able to get e-mail this coming week but I should really be concentrating on other things. 

I will however try to send a note about what I think the various efficiencies given in the spreadsheet really are - there are some things that seem to me to have misleading names at the moment. 

Best Richard 

My reply to Josh  (leaving only the outstanding points):

Dear Josh,

Thanks for this detailed response. 

…

I think that the presence of the 0.5 in the formula above means that the cos^N applies to the voltage pattern.  The power patterns will therefore be even narrower and have more effect on the measurement.

> *Items 3 and 5-* Effect of probe model on a single scan (Band 3, 

> 2007, scan 17)  I'm not sure why the floor is different when using 

> a cosine probe model, versus no probe model at all for the same scan. > I may need to ask Geoff about this when he returns.

I was not clear enough about this in my note.  According to the labeling in the spreadsheets you sent BOTH these plots claim to be for the corrected data.

