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Corresponding Mean Data

Data set # (Feb 9-2009) Measurement pair Equation (ns) o(ps)| Quantity

4) t1559 - 2khz & alignment cube NEW start diode and alignment cube (CCR#1) ATerrxa - ATerrxo 251.820 184| 122182

5) t1646 - LRO & alignment cube NEW start diode and alignment cube (CCR#1) ATerrxa - ATerrxo 252.358 140 7070
ATerxa - ATerxo 252.089

8) t1734 - LRO & exit cube NEW start diode and telescope exit cube (CCR#2) ATerrxo - ATerrxo 294.588 183 8320

10)t1954 - LRO exit cube NEW start diode and telescope exit cube (CCR#2) ATerrxo - ATer1x0 295.090 88 7322
ATerxo - ATer1xo 294.839

9) t1943 - LRO & Ground cal NEW start diode and Ground Calibration cube (CCR#3) ATeraxs - ATeraxe | 1335.300 133 3855

10)t1954 - LRO &Ground cal NEW start diode and Ground Calibration cube (CCR#3) ATeraxs - ATeraxe | 1335.164 126 7318
ATeraxs - ATerxe | 1335.232

Key: ATeraxs - ATerxa  [1083.143

Black — Electronic delay from the start diode thrugh the Event Time = St,.1x ATerrxe - ATerm 42.750

Blue — Optical delay from the start diode to the Beam splitter through the Prism =3ty 1x

— Optical delay from the Beam Splitter to the Start diode through the Fiber Loop
Green— Optical delay from the Beam Splitter to the Telescope invariant Point, i.e., the reference point | 19.052|ns | 5.716|meters

Trxrx.c = Epoch Time at the TX-RX common Point, i.e., at the beam splitter (BS)

T serial = Serial data from the GPS Receiver

Trx-reference = EPOCh Time at the Telescope invariant point or Station reference point.
ST apps-2kHz) = Offset between 1pps and 2kHz

STn~akHz) = Elapsed 2kHz cycles after the 1pps

ATer.1x0 = Event time of the laser oulse wrto the START Diode

ATer1xq = Event time wrto Alignment Cube (CCR#1) return

ATer1x0 = Event time wrto Telescope Exit Port Cube (CCR#2) return

ATer1x3 = Event time wrto the Ground Cal Cube (CCR#3) return

Trx-rx-c = {Tseriat + OTer(ipps-2ktiz)} + ATerarHzTx0)— Black — Blue 1)

Trx-rx-c = {Tseriat + OTer(ipps-2ktiz)} + ATer(arHzTx1)— Black - -2 (BS to Alignment CCR#1) ---------------- 2

Trxrx-c = {Tserial ¥ O Ter(ipps-2ktz} ¥ ATer(okrz-Tx2)— Black — — 2 (Green + Telescope CCR#2) -(3)

Trxrx-c = {Tserial ¥ O Ter(ipps-2ktin} + ATer(okrz-Tx3) — Black — — 2 (Green + Survey Range of CCR#3) ----(4)

ATerokmz-Tx1)— Black — -2 (BS to Alignment CCR#1) = ATer(uhz-tx3)— Black — Yellow - 2 (Green + Survey Range of CCR#3) ----(5)
Green = (1/2)[(ATer(akmz-x3) = ATerrHz-txny] + (BS to Alignment CCR#1- Survey Range of CCR#3) --------------------- (6)

TrxReference = TTx-rx-c T Green (7)

TrxRreference = { Tserial 7 O TeT(apps-2ktz)} ¥ AT erokHz-Tx0) ¥ {= Serrx = Stoprrx + (LU2)[(ATer(oktz-x2) “ATet(2kHz-Tx1)] + (8Tgs to corér= O T range of corez) }----(8)

TrxRreference = { Tserial 7 O TeT(apps-2ktz)} + AT er(akrz-Tx0) + {= Sterrx — Stoprx + (V2)[(ATerauriz-x3) "ATerkHz-x1)] + (8Tes 1o core1~ O T range of ccrés)} ——(9)




meter ns

St,pex = Optical delay from the START Diode to the Beam Splitter = 0.4001+ ((37.4*1.5-1.0)+ (22.8*1.5))/1000 OtoptTx 0.489 1.631
Ot..1x = electronic delay from the START Diode to the Event Timer =

propagation delay from the sensor to the cable 0.038 0.193

(+ Cable delay to the Discriminator) 1.486 7.519

(summed) 1.524 7.711

(+ Intrinsic delay through the Discriminator + Cable delay to the ET) 23.083

(+ length of the inline pulse inverter) 0.0445 0.225

(+ Best Latch time of the Flip-Flop used in the Event Timer is ~0.8ns) 0.800

and considering the propagation time from the input to the Flip-Flop 0.100

Styy7y = Sty 1y 31.919

STer(1pps-akiz) = Timing offset measured by ET ST er(1pps-2ktz) 9818.109

8Tgs 1o coriL = 8Tgs 1o coriL = 0.035 0.115

8T Range of core2 = EStimated ST Range of CCR#2 0.927 3.090

8T Range of corea = SUrveyed to 1 mm OTRrange of ccrea|  156.792|  522.635

ATerrys - ATerrx (ATerxs - ATerax) 1083.143

ATerxe - ATera (ATer1x0 - ATeraxa) 42.750

(1) Correction to ET Data<wrto Telescope cube (CCR#2) ( Range from external direct measurement)>

-15.151

ns

(2) Correction to ET Data<wrto Ground Cal cube (CCR#3); (Range from Survey) >

-14.499

ns

Note:

8T(ET—Epoch) correction
8T(ET—Epoch) correction

(1) The above correction factor does not include the event offset wrto the 1pps clock as it is already embedded in the algorithm of the timing software
(2) CCR#3 range was not corrected for refraction and is considered nominal over the 156 meter range
(3) Significant mode beating was occurring in the LRO laser; LRO laser produces a 8ns multimode laser output

TTX-Reference = {TSeriaI + 6TET(lpps—ZkHz)} + ATET(ZkHz-TXO) New diode T 8T(ET—Epoch) correction (New Diode)

At(old - new)

TTX-Reference = {TSeriaI + 6TET(lpps—ZkHz)} + ATET(ZkHz-TXO) o1d diode T 8T(ET—Epoch) correction (New Diode) + At(old - new)

3.393

ns




