6.0 Frequency Calculations. 
[Revised March 4, 2004]
The following summarizes the calculations required for setting the synthesizers for the GBT.

Let V1 and V2 be the given range of velocity, with V1 > V2 and V1 = Vhigh , V2 = Vlow .


The conversion to the local frame uses the appropriate formula for the selected velocity definition: 

Flocal = fvdef( V, Frest ) 




[1]

Table 8: Formulas for conversion to local frame
	Vdef 
	Formula 

	Radio 
	fvdef(V, Frest) = Frest( 1 - V/c) 

	Optical 
	fvdef(V, Frest) = Frest( 1+V/c) -1 

	Relativistic 
	fvdef(V, Frest) = Frest { 1 - (V/c)2}1/2/(1+V/c) 


Let Fk = Restfreq, and dF = Deltafreq. For N spectral windows, our configuration keywords will specify  Fk[i] and dF[i], the list of rest frequencies and offsets, for each i = 1,N. 

Convert the Fk frequencies to the local frame, and add the offsets: 

F1[i] = fvdef( V1, Fk[i]) + dF[i] 

F2[i] = fvdef( V2, Fk(i]) + dF[i] 




[2]

Determine the center frequency and total bandwidth: 

Fcent = 0.5*(MAX(F2[i], F1[i] ) + MIN(F1[i],F2[i])) 

[3]

BWtot = MAX(F2[i], F1[i] ) - MIN(F1[i], F2[i] ) + BW 

[4]


(where BW is the backend bandwidth keyword value.) 

These quantities are used in the following ways: 

  The receiver tuning frequency is set to Fcent. 

  The LO1 rest frequency parameter is set to FK[1].

  The receiver RF filter (if any) is set to include a range from Fcent-0.5*BWtot to Fcent+0.5*BWtot. 

  IF filters in the receiver and IF Rack are set to the narrowest value that includes BWtot. 

The user may override this IF bandwidth setting by using the “ifbandwidth” keyword.  In this case the keyword value is used for the IF Rack band setting unless a prime focus receiver is being used, in which case it is the setting for the IF band in the prime focus manager.

Given that the primary rest frequency, Fk[1], will not in general be at the center of the IF band, we need to modify the IF center frequency (IF1) in the LO1 manager so that the IF band represented by (Fcent, BWtot) is centered. 

Let the nominal IF1 frequency be IF1nom, which has values of 1080 MHz for prime focus receivers, and either 3000 or 6000 MHz for Gregorian receivers. Then set the IF1 parameter in the LO1 manager to: 

 IF1 = Fcent – Floc0 + IF1nom
 [for Rcvr8_10 and lower frequency] 

[5]

 IF1 = Floc0 - Fcent + IF1nom 
 [for Rcvr12_18 and higher frequency] 

Where Floc0 = fvdef( 0.5*(V1+V2), Fk[1]) 

The user may override the automatic IF1 setting by using the “if1freq” keyword.  If the “if1freq” keyword has been set, the system uses that value and does not bother to do the above calculation.

Check that LO1 is in the allowed range of the synthesizer (only needed for Rcvr22_26).

Calculate the approximate LO1 frequency setting:


LO1freq = (Floc0 + IF1)/fscale
[for Rcvr8_10 and lower frequencies]


LO1freq = (Floc0 - IF1)/fscale
[for Rcvr12_18 and higher frequencies]


(fscale = 4 for the Q-band receiver, but is = 1 for all others)

If  LO1freq >= 20 GHz, we need to apply an offset to IF1 and LO2:

Roffset = LO1freq – 19995 MHz  (round this to nearest integer number of MHz)

The IF1 parameter in the LO1 manager must be changed to IF1 + Roffset. 

(Where IF1 appears below, it has had this offset added).

The IF Bandwidth should be adjusted by adding Roffset to the IF Bandwidth (unless the user has specified the ifbandwidth keyword.

When LO1freq >= 20 GHz, the software should issue a warning message and indicate that the IF1 and LO1 frequencies have been offset to compensate.  

Calculate LO2 frequencies and round off.

Once again, the user may override the LO2 values by specifying the keyword “lo2freq”, whose value is an array of size nwin.  If “lo2freq” is specified, use those values instead of what is calculated below.

Now we can determine the appropriate frequency settings for the LO2 synthesizers.  If we define:

Flocal[i] = fvdef( 0.5*(V1+V2), Fk[i] ) + dF[i] 


[6]

Then


For lower sideband receivers ( for frequencies up to 11 GHz):

LO2[i] = Floc0 – Flocal[i] + IF1 + 10.50GHz - IF3


[7]


And for upper sideband receivers ( for frequencies above 11 GHz):

LO2[i] = Flocal[i] – Floc0 + IF1 + 10.50GHz - IF3


[8]

where IF3 depends on the chosen back end, as listed in Table 9, and see also table 9.5 for IF3 values to be used for the spectral processor in narrow band modes.

The LO2 synthesizers can only set a frequency to the nearest kHz.  The LO2 values as calculated must be rounded off to the nearest 1 kHz and those rounded values sent to the synthesizers.

The remainder for window #1 is calculated:


LO2remainder = LO2[1] – LO2rounded[1]

The IF1 value set in the LO1 manager is corrected as follows:


newIF1 = IF1 – LO2remainder

This correction will produce exactly the right frequency conversion for spectral window #1.  We cannot in general correct all windows.

The software should issue an error message if any LO2 frequency is outside the allowed range of 10500 to 18000 MHz.

Table 9: Nominal Center Frequencies (IF3)
	Back End 
	Frequency (MHz) 

	ACS-12.5MHz 
	468.75 

	ACS-50MHz 
	425 

	ACS-200MHz 
	900 

	ACS-800MHz 
	1200 

	Spectral Processor 
	250 

	VLBI 
	750 

	BCPM 
	400 

	Radar 
	720 


Spectral Processor Frequency Offsets

For narrow-bandwidth modes of the Spectral Processor, one needs to add small offsets to the IF3 frequency, as described in the following table.  These offsets will mean that the LO2 frequencies will need to be rounded off to the nearest kHz as described above, and the remainder subtracted from IF1.

Table 9.5: Spectral Processor Frequency Offsets

	SP Bandwidth
	Correction
	New IF3 (MHz)

	1.25 MHz
	+0.005 MHz
	250.005

	0.625 MHz
	+0.0025 MHz
	250.0025

	0.3125 MHz
	-0.00375 MHz
	249.99625

	0.15625 MHz
	-0.001875 MHz
	249.998125

	0.078125 MHz
	-0.0009375 MHz
	249.9990625
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