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HAYSTACK OBSERVATORY

WESTFORD, MASSACHUSETTS 01886
March 5, 2012

Telephone: 781-981-5400
Fax: 781-981-0590

To: UVLBI Group
From:  Geoff Crew
Subject: Comparison of DBE1 and RDBE-H in NZ2 and NZ3

Attached is a summary plot set of two scans made and (briefly) analyzed Thursday (with lots of
help from various folks on the path to this point) that answer the question posed at the last
meeting:

Question: Does the DBE1/Mark5B/RDBE/Mark5C combination correlate equivalently in both of
the Nyquist zones we need to use in the upcoming experiment.

Answer: Yes.

The six plots are the two scans (LSB/Ng2 and USB/Nq3) analyzed with vIbi0 (with an ignorant
pilot on a short sample), the H/'W correlator (which correlated 8s, note hdw in the plot title) and
with DiFX (correlating 10s, note DiFX in the title). There *are* issues, but they appear equally
in both zones.

Issues/Comments:

1] Notice that there are two 180 sign flips on 2 of the channels.
Russ assures me that this has been there all along in the DBE].
(The sign flips in the RDBE have been much more thoroughly analyzed and are not present
in the IF1 we use here. See
http://www.haystack.mit.edu/tech/vlbi/mark5/mark5 memos/093.pdf for more details.)
Mike removed these with a manual pcal for both the H/W and S/W correlator.

2] vIbiO (run with defaults, but specifying LSB/USB in the cat file) produces the double peaks,
shows the sign flips and the a phase slope. If you're doing this in the field, you should expect
similar results.

3] There is a 5% disagreement on amplitude H/W v DiFX.

4] The input signals to the DBE1 and RDBE were not at the optimal input levels but well within
acceptable limits.

I need to review some of the cabling and do a bit more testing today, but the current setup should
be available for operator testing all of next week.


http://www.haystack.mit.edu/tech/vlbi/mark5/mark5_memos/093.pdf�

duration  0.039 sec LSB 1.024 GHz moff 0 RA 00:00:00.00 DEC 0:00:00.00 bxyz 0.00 0.00 0.00 corr 4.3e-01 SNR 2347.9

amp vs rate -164.33 to 164.33 Hz

amp vs delay -256 to 256 ns

phase

amplitude

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DBE channel number bits/sam 2 delay_ns 15.78 res 5.99 frq 0 rate 0.00 Hz
0.7764 0.7771 0.7795 0.7778 0.7783 0.7799 0.7776 0.7770 0.7774 0.7783 0.7774 0.7773 0.7765 0.7751 0.7734 0.0000
filel: N2-213821.m5b file2: N2-213821.m5¢c
bstate0 1.05 1.05 1.00 1.04 1.0l 1.04 1.03 03 099 .03 099 1.04 098 105 097 0.00
9 8

1 |
bstatel 0.93 091 089 088 085 092 092 09 088 08 087 090 08 093 0.88 0.00
2012:061:21:38:22.000000 vIbiO program ver 6 Thu Mar 1 22:00:56 2012

Figure 1. Scan 061-2138: Nyquist zone 2 (LSB), vIbi0 correlator.
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228881.00 228913.00 228945.00 228977.00 229003.00 229041.00 229073.00 229105.00 229137.00 228163.00 229201.00 229233.00 229265.00 229297.00 229329.00 Freq (MHz) All
-167.7 -176.2 177.4 173.7 175.2 177.6 175.6 174.8 177.8 177.2 176.4 -178.0 -176.1 -177.2 -177.2 Phase 179.6
90115 9011.0 9058.6 9029.8 9048.0 9050.1 90395 9047.3 9048.9 9056.4 8004.6 8028.9 9037.2 8983.6 8968.7 Ampl 9028.3
5129 513.0 5129 513.1 513.1 513.0 5131 513.0 5131 513.0 513.1 5131 513.1 513.0 513.0 Sbd box 513.0
UL o8 0B 08 o8 0/8 o8 0B 08 o8 0/8 0/8 B 08 o8 0/8 APs used
S -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 PC fregs
T -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 <1000 -1000 -1000 -1000 -1000 -1000 -1000
ST 00 0:0 0:0 0:0 0:0 0:0 0:0 00 0:0 0:0 0:0 0:0 0:0 0:0 0:0 PC phase
ST 180:0 180:0 0:0 0:0 0:0 0.0 0:0 0:0 0:0 0:0 Q.0 0:0 0:0 0:0 0:0 Manl PC
S 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 PC amp
T 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
UGLL UFLL UELL ubLL uGLL UBLL UALL usLL usLL U7LL UBLL usLL u4LL uUaLL u2LL Chan ids
32,33 30,31 28,29 26,27 24,25 22,23 20,21 18,19 16,17 14,15 12,13 10,11 89 6.7 45 Tracks
+ UGLL UFLL UELL UDLL UGLL UBLL UALL usLL UsLL u7LL usLL UsLL u4LL usLL u2LL Chan ids
32,33 30,31 28,29 2627 2425 2223 20,21 18,19 16,17 14,15 12,13 10,11 8,9 67 45 Tracks
Group delay (usec) -1.66355458647E-02 Apriori delay (usec) 0.00000000000E+00 Resid mbdelay (usec) -1,66355E-02  +/- 1.9E-08
Sband delay (usec) 3.46040536960E-04 Apriori clock (usec) 0.0000000E+00 Resid sbdelay (usec) 3.46041E-04 +/- 2.8E-07
Phase delay (usec) 2.17476274462E-06 Apriori clockrate (us/s) 0.0000000E+00 Resid phdelay (usec) 2.17476E-06 +/- 2.2E-11
Delay rate (us/s) -6.36503310798E-11 Apriori rate (us/s) 0.00000000000E+00 Resid rate (us/s) -6.36503E-11  +/- 4.8E-12
Total phase (deg) 179.6 Apriori accel (us/s/s) 0.00000000000E +00 Resid phase (deg) 1796  +/- 0.0
RMS Theor. Amplitude 8996.724 +/- 0.145 Pcal mode: MANUAL, MANUAL Pcal period (AP’s) 9999, 9999
ph/seg (deg) 0.0 0.0 Search (32X64) 8995.021 Pcal rate: 0.000E+00, 0.000E+00 (us/s) sb window (us)  -4.000 4.000
amp/seg (%) 0.0 0.0 Interp. 8995.021 Bits/sample: 2 SampCniNorm: enabled mb window (us) -0.016 0.016
ph/frq (deg) 48 0.0 Inc. seg. avg. 8996.732 Sample rate(MSamp/s): 64 dr window (ns/s) -0.002 0.002
amp/frq (%) 0.5 0.0 Inc. frg. avg. 9028.259 Data rate(Mb/s): 1920 nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.00
S:az 0.0 /0.0 pa0.0 T:az 0.0 el 0.0 pa0.0 u,v (fr/asec) 0.000 0.000 iterative interpolator

Control file: ¢f_3386_low Input file: /data/3386/061-2138_LOW/ST..wapflu  Output file: Suppressed by test mode

Figure 2. Scan 061-2138: Nyquist zone 2 (LSB), MKIV correlator.
(Manual phase cal was used--the phase cal shown is noise.)
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228881.00 228913.00 228945.00 228977.00 229009.00 229041.00 229073.00 229105.00 229137.00 229169.00 229201.00 229233.00 229265.00 229297.00 229329.00 Freq (MHz) All
386 30.1 239 20.3 217 241 221 213 243 23.7 229 284 30.3 29.2 29.2 Phase 28.0
94282  9456.3 9480.0 9488.8 9505.3 95104 94994 94896  9489.3 95052 94647 94892 94844 94624 94052  Ampl 9477.2
512.9 513.0 512.9 513.1 513.1 513.0 513.1 513.0 513.1 513.1 513.1 513.1 513.1 513.0 513.0 Sbd box 513.0
UL o0/10 010 0/10 0/10 010 0/10 010 0/10 0/10 010 0/10 1o 010 010 010 APs used
S o 0 0 0 a 0 o] 0 0 0 0 0 0 0 PC freqs
TO 0 0 0 0 4] 0 4] 0 0 0 0 0 0 0
ST 00 0.0 00 0.0 0:0 0.0 0.0 00 0:0 0:0 0:0 00 00 0:0 0:0 PC phase
ST 180:0 180:0 0:0 0.0 0:0 0.0 0.0 0:0 0:0 0:0 Q.0 0:0 00 0:0 0:0 Manl PC
S 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 PC amp
T 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
g B15L B14L B13L Bi2L B11L BiOL BOSL BOBL BO7L BO6L BO5L B04L BO3L BO2L BO1L Chan ids
Tracks
T B15L B14L B13L B12L B11L B1OL BOSL BOSL BO7L BO6L BOSL BO4L BO3L Bo2L BO1L Chan ids
Tracks
Group delay (usec) -1.56354021574E-02 Apriori delay (usec) -2.50051368500E-06 Resid mbdelay (usec) -1.56329E-02 +/- 1.5E-08
Sband delay (usec) 3.80206212968E-04 Apriori clock (usec) 0.0000000E+00 Resid sbdelay (usec) 3.82707E-04 +/- 2.2E-07
Phase delay (usec) -2.18577439865E-06 Apriori clockrate (us/s) 0.0000000E+00 Resid phdelay (usec) 3.14739E-07 +/- 1.8E-11
Delay rate (us/s) 2.91431504891E-11 Apriori rate (us/s) -1.09772097714E-09 Resid rate (us/s) 1.12686E-09 +/- 3.0E-12
Total phase (deg) -180.5 Apriori accel (us/s/s) 9.78019711438E-14 Resid phase (deg) 260 +- 0.0
RMS  Theor. Amplitude 9445.288 +/- 0.119 Pcal mode: MANUAL, MANUAL Pcal pericd (AP’s) 9999, 9999
ph/seg (deg) 0.1 0.0 Search (32X64) 9443.278 Pcal rate: 0.000E+00, 0.000E+00 (us/s) sb window (us) -4.000 4.000
amp/seq (%) 0.0 0.0 Interp. 9443.278 Bits/sample: 2 SampCntNorm: disabled mb window (us) -0.016 0.016
ph/frq (deg) 4.7 0.0 Inc. seg. avg. 9445.292 Sample rate(MSamp/s): 64 dr window (ns/s) -0.002 0.002
amp/frq (%) 0.5 0.0 Inc. frg. avg. 9477.224 Data rate(Mb/s): 1920 nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.00
S:az 12.6 el -54.6 pa-10.6 T:az12.6 el -54.6 pa-10.6 u,v (fr/asec) -0.000 0.000 iterative interpolator

Gontrol file: cf_3386_low Input file: /data-sc01/mike/B_C_tests/1234/061-2138_LOW/ST..wapyic Output file: Suppressed by test mode

Figure 3. Scan 061-2138: Nyquist zone 2 (LSB), DiFX correlator.



duration  0.039 sec USB 1.024 GHz moff 0 RA 00:00:00.00 DEC 0:00:00.00 bxyz 0.00 0.00 0.00 corr 4.3e-01 SNR 2344 .4

amp vs rate -163.84 to 163.84 Hz

amp vs delay -256 to 256 ns

phase

amplitude

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DBE channel number bits/sam 2 delay_ns 16.38 res 6.59 frq 0 rate 0.00 Hz
0.0000 0.7683 0.7785 0.7777 0.7732 0.7736 0.7714 0.7720 0.7695 0.7716 0.7722 0.7767 0.7798 0.7785 0.7841 0.7506
filel: gbc.m5b file2: ghc.m5c

bstate0 0.00 099 099 1.03 1.04 1.02 100 099 099 099 101 106 100 1.00 1.03 1.00
bstatel 0.00 090 085 089 089 090 089 088 088 087 089 091 092 09 0838 091
2012:061:22:58:57.000000 vIbiO program ver 6 Thu Mar 1 23:00:37 2012

Figure 4. Scan 061-2258: Nyquist zone 3 (USB), vlbi0 correlator.
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229361.00 229393.00 229425.00 229457.00 229483.00 229521.00 229553.00 229585.00 229617.00 229649.00 229681.00 229713.00 229745.00 229777.00 229809.00 Freq (MHz) All
156.0 164.6 166.8 173.1 172.2 170.1 174.2 174.2 171.0 1686.5 173.6 170.8 163.5 164.7 159.9 Phase 168.1
8929.8 9039.1 9039.6 9032.5 9047.7 90128 9088.4 8971.2 9025.1 9031.8 8834.2 87733 B8758.7 8654.3 8353.9 Ampl, 8908.2
513.3 513.2 513.1 513.2 5131 513.2 5131 513.2 513.1 513.1 513.2 5131 513.1 513.1 513.1 Sbd box 513.1
UL 800 8/0 8/0 8/0 8/0 8/0 8/0 8/0 8/0 8/0 8/0 8/0 8/0 8/0 8/0 APs used
S 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 PC fregs
T 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
ST 00 0:0 0:0 0:0 00 0.0 o0 00 0:0 0:0 0:0 0:0 0:0 00 0:0 PC phase
ST 00 0:0 0:0 0:0 0:0 0.0 00 0:0 0:0 0:0 0:0 0:0 00 180:0 180:0 Manl PC
S 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 PC amp
T 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
s U2HU U3HU U4HU UsHU UsHU U7HU usHU UgHU UAHU UBHU UCHU UDHU UEHU UFHU UGHU Chan ids
45 8,7 8,8 10,11 12,13 14,15 16,17 18,19 20,21 22,23 24,25 26,27 28,29 30,31 32,33 Tracks
T U2HU UsHuU U4HU UsHU UsHU U7HU usHU USHU UAHU UBHU UCHU UDHU UEHU UFHU UGHU Chan ids
45 6,7 8,8 10,11 12,13 14,15 16,17 18,18 20,21 22,23 24,25 26,27 28,28 30,31 32,33 Tracks
Group delay (usec) -1.50543760802E-02 Apriori delay (usec) 0.00000000000E+00 Resid mbdelay (usec) -1.50544E-02 +/- 1.9E-08
Sband delay (usec) 1.16716268317E-03 Apriori clock (usec) 0.0000000E+00 Resid sbdelay (usec) 1.16716E-03  +/- 2.8E-07
Phase delay (usec) 2.03637958016E-06 Apriori clockrate (usfs) 0.0000000E+00 Resid phdelay (usec) 2.03638E-06 +/- 2.3E-11
Delay rate (us/s) -4.67450633548E-10 Apriori rate (us/s) 0.00000000000E+00 Resid rate (us/s) -4.67451E-10  +/- 4.9E-12
Total phase (deg) 168.1 Apriori accel (us/s/s) 0.00000000000E+00 Resid phase (deg) 168.1  +/- 0.0
RMS  Theor. Amplitude 8867.507 +/- 0.145 Pcal mode: MANUAL, MANUAL Pcal period (AP's) 9999, 9999
ph/seg (deg) 0.1 0.0 Search (32X64) 8830.645 Pcal rate: 0.000E+00, 0.000E+00 (us/s) sb window (us) -4.000 4.000
amp/seg (%) 0.0 0.0 Interp. 8830.645 Bits/sample: 2 SampCntNorm: enabled mb window (us) -0.016 0.016
ph/friq (deg) 5.3 0.0 8867.518 Sample rate(MSamp/s): 64 dr window (ns/s) -0.002 0.002
amp/frq (%) 22 0.0 8906.151 Data rate(Mb/s): 1920 nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.00
S:az 0.0 el 0.0 pa0.0 T:az 0.0 el 0.0 pa0.0 u,v (fr/asec) 0.000 0.000 iterative interpolator

Contral file: ¢f_3386_high

Figure 5. Scan 061-2258: Nyquist zone 3 (USB), MkIV correlator.
(Manual phase cal was used--the phase cal shown is noise.)

Input file: /data6/3386/061-2258_HIGH/ST..wapfmh  Qutput file: Suppressed by test mode
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-56.4 - -48.1 -40.1 -41.1 -43.2 -39.0 -38.7 -41.9 -48.4 -38.8 -41 - -48.0 -53.1 Phase -44.8
93245 94956 9507.2 9436.2 9467.3 94182 94469 94323 94667 9430.1 95021 95523 95283  9600.2  9193.1  Ampl 9453.3
513.3 5132 513.1 513.2 513.2 513.2 513.1 513.2 513.1 513.1 513.2 513.1 513.1 513.1 513.1 Sbd box 513.2
UL 100 10/0 10/0 10/0 100 10/0 10/0 10/0 10/0 10/0 10/0 10/0 10/0 10/0 10/0 APs used
50 0 0 0 0 o 0 0 0 0 0 0 0 0 0 PC fregs
TO 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ST 00 0:0 00 00 0:0 00 0:0 00 0:0 0:0 00 0:0 0:0 00 0:0 PC phase
ST 00 0:0 00 00 0:0 00 0:0 00 0:0 0:0 a0 0:0 00 180:0 180:0 Manl PC
S 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 PG amp
T 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
g BotU Bo2U BO3U B04U BO5U B0SU BO7U BOBU B0gU BioU B11U B12U B13U B14U B15U Chan ids
Tracks
+ Bolu Bo2U BO3U B04U BO5U BOSU BOTU BOBU B0SU B1OU B11U B12U B13U B14U B15U Chan ids
Tracks
Group delay (usec) -1.50465436197E-02 Apriori delay (usec) -6.14540536514E-06 Resid mbdelay (usec) -1.50404E-02  +/- 1.5E-08
Shand delay (usec) 1.18036742847E-03 Apriori clock (usec) 0.0000000E+00 Resid sbdelay (usec) 1.18651E-03 +- 2.2E-07
Phase delay (usec) -6.68743649455E-06 Apriori clockrate (us/s) 0.0000000E+00 Resid phdelay (usec) -5.42031E-07 +/- 1.8E-11
Delay rate (us/s) -7.68154607531E-11 Apriori rate (us/s) -3.52472008693E-10 Resid rate (us/s) 2.75657E-10  +/- 3.1E-12
Total phase (deg) -192.1 Apriori accel (us/s/s) 1.68906300277E-13 Resid phase (deg) -44.8  +/- 0.0
RMS  Theor. Amplitude 9414.088 +/- 0.120 Pcal mode: MANUAL, MANUAL Pcal pericd (AP’s) 9999, 9999
ph/seg (deg) 0.1 0.0 Search (32X64) 9365.343 Pcal rate: 0.000E+00, 0.000E+00 (us/s) sbwindow (us)  -4.000 4.000
amp/seq (%) 0.0 0.0 Interp. 9365.343 Bits/sample: 2 SampCntNorm: disabled mb window (us) -0.016 0.016
ph/frg (deg) 52 0.0 Inc. seg. avg. 9414.114 Sample rate(MSamp/s): 64 dr window (ns/s) -0.002 0.002
amp/frq (%) 14 0.0 Inc. frq. avg. 9453.334 Data rate(Mb/s): 1920 nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.00

S:az 42.0 el -46.8 pa-34.3

Control file: ¢f_3386_high

T:az 42.0 el -46.8 pa -34.3

u,v (fr/asec) -0.000 0.000

Input file: /data-sc01/mike/B_C_tests/1234/061-2258_HIGH/ST..wapyip Output file: Suppressed by test mode

Figure 6. Scan 061-2258: Nyquist zone 3 (USB), DiFX correlator.
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