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A new dual-frequency (S-band and X-band) zero delay device (ZDD) was

required for the MVM'73 S/X experiment at DSS 14. To properly utilize the “zero

>

calibration provided by the ZDD, an evaluation of the “Z” term in the ranging
equations must be made. An equation for this term is derived, and values are deter-

mined for several configurations.

1. Introduction

A new dual frequency (S-band and X-band) zero delay
device (ZDD) was required for the MVM’73 S/X experi-
ment at DSS 14 (Refs. 1, 2). To properly utilize the “zero”
calibration provided by the ZDD, an evaluation of the Z
term in the ranging equations must be made (Ref. 3). An
equation for this term is derived and values are deter-
mined for several configurations.

1Discussions of the preliminary location tests and calibration of this

ZDD are presented by C. T. Stelzried, et al. and by T. Y. Otoshi
and C. T. Stelzried elsewhere in this issue.
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Il. Discussion

By referring to Figs. 1 and 2, it is possible to write
an equation for the ranging machine “gross indicated”
value of round-trip light time (RTLT) while tracking the
spacecraft:

As/c(s) = [BU+ BZ]"*‘CU" D + Es] +Fs

+ [Eg— D + Cpg + Bhs+ Bps]  (S-band)

1)
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where

Agyc = ranging machine “gross indicated” round-trip
light time while locked on the spacecraft (S/C),
i.e, time for a signal to go from the ranging
machine, through the complete system and back
to the ranging machine?

By = time for a signal to travel from the ranging ma-
chine to the uplink sampling point for the ZDD

By, = time for a signal to travel from the uplink sam-
pling point for the ZDD to the radio frequency
(RF) ¢ center of the ground antenna feed horn

Cy = time for a signal to travel from the feed-horn
phase center, through the dichroic feed system,
subreflector and parabolic surface to the aper-
ture plane of the paraboloid

D = distance (in equivalent time units) between the
aperture plane and the antenna “bench mark™

E = time for a signal to travel between the ground
antenna bench mark and the spacecraft antenna
aperture plane

F = two-way or round trip time for a signal to travel
from the S/C antenna aperture plane, through
the S/C radio subsystem and return to the S/C
aperture plane

B} = time for a signal to travel from the RF ¢ center
of the ground antenna feed horn to the ZDD
simulated downlink injection point

B, = time for a signal to travel from the ZDD simu-
lated downlink injection point to the ranging
machine

Subscripts U and D indicate uplink and downlink, respec-
tively, and S indicates S-band. X will indicate X-band.
Where no S or X designation appears, the terms are iden-
tical for S- and X-band signals.

A similar equation may be written for X-band:

AS/C(X) = [BU+B;/+CU‘~D+E5] +FX
+ [EX — D -+ CDX + B;)X + BDX] (X-band)

(2)
2“Times” discussed here mean equivalent free-space light times.

3For DSS 14, the “bench mark™ designated here is the intersection
of the azimuth and elevation axes.
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Similarly, equations can be written for the ranging ma-
chine “gross indicated” value of round-trip light time
while “tracking” the ZDD:
Azop s = [By + Gyl + Hg + [Gps + Bos] (3>
AZDD(X) - [BU + GU] + HX + [GDX + BDX] (4)
where

Azpp = ranging machine “gross indicated” round-trip
light time while locked on ZDD, i.e., time for
a signal to go from the ranging machine,
through the complete system and back to the
ranging machine

Gy = time for a signal to travel from the uplink sam-
pling point to the input port of the ZDD

H = two-way or round-trip time for a signal to
travel from the ZDD input port through the
ZDD and back to the appropriate output port

G, = time for a signal to travel from the ZDD out-
put port to the appropriate downlink injec-
tion point

Now, subtract Eq. (3) from Eq. (1) and combine terms

As/cy — Azpp sy = Bl + Bpg + Cy + Cps — 2D + Eg
+ Eg + Fg — [Gy + Gps + Hg]
(5)
Rearrange
(Es + Es) = Ayjosr — Azon sy — Fs
+ [ (B, + Bbs + Cy + Cos)
+ 2D + Gy + Gps + Hg] (6)

The corresponding X-band equation is

(Es + E,y) = AS/C(X) - AZDD(X) — Fx
+ [— (B, + Box + Cy + Cpy)
42D + Gy + Gpx + Hy] (7)

Now, compare Eqs. (6) and (7) with the R/D S/X ranging
equation (repeated here for convenience) of Ref. 3:

1 64 % 2
RTLT = RU momviagy 7, M ~3F,
1
- BIASDSN F - BIASS/C + Z
T

(128) (48)
(8
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The results of this comparison, term by term, are

(E + E) = RTLT 9)
1 64 X 2%
Aso = RU omy iy 7y M 3F, (10)
A = BIAS —1— 11
ZDD — DSN (128) (48) FT ( )
F = BIASgc (12)
and finally,
[-By+Bo+Cy+Cp)+2D+ Gy +Gp+H]=Z
(13)

(The frequency subscripts S and X have been omitted
for convenience as the comparison applies to both
frequencies.)

Some comments on the terms comprising the expression
for Z are in order:

(1) The term C has the effect of moving the RF refer-
ence point from the ground antenna appropriate
feed horn phase center to the aperture plane.

(2) Then, the term D further moves the resulting RF
reference from the aperture plane to the “bench
mark.”

(8) The terms (— B} + Gy) and (— B} + Gp) compen-
sate for the fact that the ZDD is not at the ground
antenna feed horn phase center when taking a “zero
delay” reading.

(4) Finally, term H is exactly analogous to the S/C
term F where each corrects for the signal turn-
around time of its appropriate device.

The differential (S) — (X) Z term can be determined
simply by subtracting the S and X forms of equation (13),
the Z equation:

Zs —Zx = —( ;)S_B,DX+CDS_CDX
- GDS + GDX - HS + HX) (14)
Notice that since uplink terms are common to both S- and

X-band signals, virtually all of them have dropped out of
the differential (S) — (X) Z term.
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SEE FIG, 2

RANGING MACHINE

Fig. 1. Overall ranging path
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SUBSCRIPTS HAVE BEEN OMITTED
(SEE TEXT AND FIG, 2). THE
DICHROIC FEED SYSTEM IS NOT
SHOWN FOR BREVITY
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Fig. 2. Detail ranging path
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Appendix A
Values of Z,  and Z_ for DSS 14 for the Period 12/21/73
Through 1/12/74

Values of Zg and Zy for DSS 14 for the period 12/21 /73 through 1/12/74 are:
Zs = —169.00 = 0.86 ns, 1o
Zy = —137.58 = 0.86 ns, 1o

These numbers were arrived at by evaluating the appropriate forms of Eq. (13)
with the values in Table A-1 substituted for the various indicated parameters (they
do not, however, include the effects of the instabilities described in the articles of
footnote 1)

Table A-1. Values of parameters

Parameter Value, ns Source
B, = 9129026 r, (Ref.4)+ (2113 feed and
components) (Ref. 5)
B, = 47.37 2028 r,, (Ref. 4) + 7 (2295 feed and

components) (Ref. 5)

3.52 =0.08 r,. (Ref. 4) + 7 (8415 feed and
components) (Ref. 5)

Cu = 16895 x£0.02 Ray optics tracing of path from

S-band feed horn to aperture

plane via dichroic system,
subreflector and paraboloid

’
BDX

Cbps = 168.95 +0.02 Ray optics tracing of path from
S-band feed horn to aperture
plane via dichroic system,
subreflector and paraboloid

Cpx = = 160.01 =0.08 Ray optics tracing of path from
X-band feed horn to aperture
plane via dichroic system,
subreflector and paraboloid

D = 58.62 =0.01 Ref. 6 and print 9437255

Gv = 88832009 r,, (Ref 4)

Gos =  87.38+012 rp, (Ref.4)

Gox = 70632010 r,, (Ref.4)

Hs = 1411 076 r,5 (Ref.4)

Hx = 9.49 +£0.80 7, (Ref.4)
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Appendix B
Values of Z, and Z, for DSS 14 for 1/14/74 and Later

On 1/13/74 the uplink sampling point was moved from the 10/20 kW transmitter
in the MOD II area to the junction of the megawatt transmitter filter (MTF) and
the 4th harmonic filter in the MOD 1II area. This was done so that the sampling
point would be independent of which transmitter was in use: 10, 20, 100 or 400 kW,
Because of this relocation, the values of Zg and Z; have changed to:

Zy = —166.50 = 0.86 ns, 1o
Zy = —135.08 = 0.86 ns, 1o

These numbers were arrived at by evaluating the appropriate forms of Eq. (13)
with the values in Table B-1 substituted for the various indicated parameters.

Table B-1. Values of parameters

Parameter Value, ns Source

B,U = 4231 £0.26 7, , (Ref. 4) + 7 (2113 feed and
components) (Ref. 5)

47.37 +0.28 7,, (Ref. 4) + r (2295 feed and
components) (Ref. 5)

B, = 3.52 £0.08 7, (Ref. 4) + r (8415 feed and
components) (Ref. 5)

’
BDS

i

Cyu = 16895 £0.02 Ray optics tracing of path from
S-band feed horn to aperture
plane via dichroic system,
subreflector and paraboloid

Cbps = 168.95 +0.02 Ray optics tracing of path from

S-band feed horn to aperture
plane via dichroic system,
subreflector and paraboloid

Cpx = 160.01 =0.06 Ray optics tracing of path from
X-band feed hom to aperture
plane via dichroic system,
subreflector and paraboloid

D = 58.62 +0.01 Ref. 6 and print 9437255
Gu = 42.35 +£0.09 r7,., (Ref. 4)
Gos =  87.38 £012 g, (Ref.4)
Gox = 7063 +0.10 1, (Ref.4)
Hs = 14112076 r,, (Ref.4)
Hx =  9049+080 1, (Ref.4)
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