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\section{Conclusions}
\label{sec:conclusions}

The Pioneer anomaly entered the phenomenology of modern physics at a
time when researchers have mounted significant efforts to investigate
two other observational anomalies: the flat rotation curves of spiral
galaxies and the accelerated expansion of the universe. Although the
true origin of the anomalous acceleration of the Pioneer~10 and 11
spacecraft is yet to be reported, its existence has already helped us
deepen our understanding of gravity. Unlike the other two anomalies,
the Pioneer anomaly is ``local'' in character, taking place within our
own solar system, involving a spacecraft of our own making. As a
result, the Pioneer anomaly has led to increasing interest in space-based
fundamental physics research focusing on solar system tests of
gravity. This renewed interest is, perhaps, the most significant
contribution of the Pioneer effect to modern physics to date.

The presence of the unexpected acceleration signal in the Pioneer
radiometric Doppler data has led to a re-evaluation of theoretical
frameworks used to test gravity in the solar system. It has also motivated
the development of new physical mechanisms to explain the effect. The
anomaly has necessitated a re-analysis of many physical concepts,
resulting in studies of the behavior of gravitationally bound systems
in an expanding universe, investigations of gravity modification
mechanisms, and efforts to detect the anomaly with other spacecraft,
planets, and other bodies in the solar system. The anomaly has also
motivated the development of new methods to improve the accuracy of
spacecraft navigation, including methods of accounting for the effect
of thermal recoil forces.

In this review we describe the Pioneer~10 and 11 spacecraft. We
provide a significant amount of information on the design, operations
and behavior of the two Pioneers during their entire missions. This
includes information from original project documentation and
descriptions of various data formats and techniques that were used for
acquisition of the Pioneer data. We describe the radiometric Doppler
data and techniques for data preparation and analysis. We also
discussed the Pioneer telemetry data and its value for the anomaly
investigation. We review the observational techniques and physical
models that were used for precision tracking of the Pioneer
spacecraft. We summarize the current knowledge of the physical
properties of the Pioneer anomaly and review various mechanisms
proposed for its explanation.

October 5, 2009 marked the eleventh anniversary of the first
announcement of the Pioneer anomaly~\cite{pioprl} (see
also~\cite{pioprd, moriond}). In the decade that followed, the
existence of the anomalous acceleration in the radiometric Doppler
data received from the Pioneer~10 and 11 spacecraft was confirmed by
several independent researchers \cite{levy-2008, 2002gr.qc.....8046M,
  2007AA...463..393O, Toth2008}. Thus, the existence and approximate
magnitude of the anomaly can be considered established fact. However,
the direction of the acceleration remains unclear: the four principal
directions (sunward, earthward, along the spin axis, or along the
velocity vector) fall within a few degrees of each other and based on
available data, cannot be distinguished easily. The temporal behavior
of the anomaly has been put into question by
studies~\cite{2002gr.qc.....8046M, Toth2008} that demonstrate the
presence of a jerk term. Meanwhile, other studies
(see~\cite{Kinsella-etal:2007, Kinsella-etal:2008, ISSI2005,
  Scheffer:2005, Scheffer:2008, TothISSI2007}, followed
by~\cite{2008PhRvD..78j3001B, Rievers2010, Rievers2009}), indicate
that the magnitude of acceleration due to thermal recoil forces of
on-board origin may be significantly larger than previously
estimated. As a result, the question of the origin of the Pioneer
anomaly remains open, but hopefully not for long.

A comprehensive investigation of the anomaly has recently begun. The
new study relies on the much-extended set of radiometric Doppler data
for both spacecraft in conjunction with the entire record of the
Pioneer~10 and 11 spacecraft telemetry files and large archive of
project documentation. This unique information has already led to the
development of new software tools capturing all aspects of the
in-flight behavior of the Pioneer vehicles throughout their
missions. These efforts may soon reveal the origin of the
anomaly. Our review provides the necessary background for the new
results to appear in the near future. Such an anticipated development
makes the study of the Pioneer anomaly a good subject for
\textit{Living Reviews}.
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\section{Pioneer Spacecraft Geometry}
\label{app:geometry}

Only scarce documentation is available about the exact geometry of the
Pioneer~10 and 11 spacecraft. A sketch of the major components of the
spacecraft (our reconstruction) with approximate dimensions is shown
below.

\epubtkImage{geometry.png}{%
  \begin{figure}[htbp]
  \centerline{\includegraphics[width=0.75\linewidth]{geometry}}
  \caption{Side view (above) and top view (below) of the high gain
  antenna, spacecraft body, and one RTG, with the boom length not to
  scale. Approximate measurements are in centimeters. For more
  accurate dimensions of the RTGs, consult Figure~\ref{fig:RTGDIM}.}
\end{figure}}
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\section{Format of the Orbit Data Files (ODF)}
\label{app:ODF}

The following table contains a concise but complete description of the
structure of Orbit Data Files (ODFs). Records appear in ODFs in the
order indicated. We offer this table to illustrate what information is
available in the form of radio-metric Doppler
measurements~\cite{TRK-2-18}.

\ifpdf
\vspace{1em}

{
\newcommand{\odfline}{\vspace{-2pt}\\\hline}
%\renewcommand\arraystretch{0.9}
\linespread{1.25}
%\baselineskip -1pt
%\begin{scriptsize}
\fontsize{7}{7}\selectfont
\hskip -3em
\begin{tabular}{|r|c|c|c|}\hline
\multicolumn{4}{|l|}{\bf ~ODF File Label Group Header}\odfline
0 & Primary Key $=101$ & Secondary Key $=0$ & Logical Record Length $=1$\odfline
96 & Group Start Packet Number $=0$ & \multicolumn{2}{c|}{0}\odfline
192 & \multicolumn{3}{c|}{0}\odfline
\multicolumn{4}{|l|}{\bf ~ODF File Label Group Data}\odfline
0 & \multicolumn{2}{c|}{System ID in ASCII} & Program ID in ASCII\odfline
96 & Program ID (cont.) & Spacecraft ID & File Creation Date (YYMMDD)\odfline
192 & File Creation Time (hhmmss) & File Reference Date (19500101) & File Reference Time (000000)\odfline
\multicolumn{4}{|l|}{\bf ~ODF Identifier Group Header}\odfline
0 & Primary Key $=107$ & Secondary Key $=0$ & Logical Record Length $=1$\odfline
96 & Group Start Packet Number $=2$ & \multicolumn{2}{c|}{0}\odfline
192 & \multicolumn{3}{c|}{0}\odfline
\multicolumn{4}{|l|}{\bf ~ODF Identifier Group Data}\odfline
0 & \multicolumn{2}{c|}{\tt "TIMETAG"} & {\tt "OBSR}\odfline
96 & {\tt VBL"} & \multicolumn{2}{c|}{\tt "FREQ. AN}\odfline
192 & \multicolumn{3}{c|}{\tt CILLARY-DATA"}\odfline
\multicolumn{4}{|l|}{\bf ~ODF Orbit Data Group Header}\odfline
0 & Primary Key $=109$ & Secondary Key $=0$ & Logical Record Length $=1$\odfline
96 & Group Start Packet Number $=4$ & \multicolumn{2}{c|}{0}\odfline
192 & \multicolumn{3}{c|}{0}\odfline
\multicolumn{4}{|l|}{\bf ~ODF Orbit Data Group Data}\odfline
\begin{tabular}{r@{}}0\vspace{20pt}\end{tabular} & \multicolumn{3}{@{}l@{}|}{
\begin{tabular*}{\linewidth}{r|l}
~~~0 & Record Time Tag Integer Part (s)\odfline
32 & Record Time Tag Fractional Part (ns)\odfline
42 & Receiving Station Downlink Delay (ns)\odfline
64 & Observable Integer Part (signed)\\
\end{tabular*}}\odfline
\multicolumn{1}{|@{}r@{}|}{\begin{tabular}{r}~~96\vspace{90pt}\odfline\end{tabular}} & \multicolumn{3}{@{}l@{}|}{
\begin{tabular*}{\linewidth}{r|l}
96 & Observable Fractional Part ($10^{-9}$, signed)\odfline
128 & Format ID $=2$\odfline
131 & Receiving Station ID\odfline
138 & Transmitting Station ID\odfline
145 & Network ID ($0=$ DSN Block V, $1=$ Other, $2=$ OTS, $3=$ NSP)\odfline
147 & Data Type ($1x=x$-way Doppler)\odfline
153 & Downlink Band ID ($1=$ S-band)\odfline
155 & Uplink Band ID ($1=$ S-band)\odfline
157 & Exciter Band ID ($1=$ S-band)\odfline
159 & Data Validity Indicator ($0=$ good)\odfline
160 & Second Receiving Station ID\odfline
167 & Spacecraft ID\odfline
177 & Receiver/Exciter Independent Flag\odfline
178 & Reference Frequency (mHz)\\
\end{tabular*}}\\
\multicolumn{1}{|@{}r@{}|}{\begin{tabular}{r}192\vspace{20pt}\end{tabular}} & \multicolumn{3}{@{}l@{}|}{\begin{tabular*}{\linewidth}{r|l}
~ & ~\odfline
224 & Train Axis Angle (mdeg, OTS Doppler)\odfline
244 & Compression Time (0.01 s)\odfline
266 & Transmitting Station Uplink Delay (ns)\\
\end{tabular*}}\odfline
\multicolumn{4}{|l|}{\bf ~ODF Ramp Groups Header}\odfline
0 & Primary Key $=2030$ & Secondary Key $=0$ & Logical Record Length $=1$\odfline
96 & Group Start Packet Number & \multicolumn{2}{c|}{0}\odfline
192 & \multicolumn{3}{c|}{0}\odfline
\multicolumn{4}{|l|}{\bf ~ODF Ramp Groups Data}\odfline
0 & Start Time Integer Part (s) & Start Time Fract. Part (ns) & Rate Integer Part (signed, Hz/s)\odfline
96 & Rate Fract. Part (nHz/s) & \begin{tabular}{c|c}Start Frq. GHz Part & Station ID\end{tabular} & Start Frequency Hz Part)\odfline
192 & Start Frequency Fract. Part (nHz) & End Time Integer Part (s) & End Time Fract. Part (ns)\odfline
\multicolumn{4}{|l|}{\bf ~ODF Clock Offsets Group Header}\odfline
0 & Primary Key $=2040$ & Secondary Key $=0$ & Logical Record Length $=1$\odfline
96 & Group Start Packet Number & \multicolumn{2}{c|}{0}\odfline
192 & \multicolumn{3}{c|}{0}\odfline
\multicolumn{4}{|l|}{\bf ~ODF Clock Offsets Group Data}\odfline
0 & Start Time Integer Part (s) & Start Time Fract. Part (ns) & Offset Integer Part (s, signed)\odfline
96 & Offset Fract. Part (ns) & Primary Station ID & Secondary Station ID\odfline
192 & 0 (spare) & \multicolumn{2}{c|}{0 (reserved for End Time)}\odfline
\multicolumn{4}{|l|}{\bf ~ODF Data Summary Group Header}\odfline
0 & Primary Key $=105$ & Secondary Key $=0$ & Logical Record Length $=1$\odfline
96 & Group Start Packet Number & \multicolumn{2}{c|}{0}\odfline
192 & \multicolumn{3}{c|}{0}\odfline
\multicolumn{4}{|l|}{\bf ~ODF Data Summary Group Data}\odfline
0 & 1st Sample Time Integer Part (s) & 1st Sample Time Fract. Part (ns) & Receiving Station ID\odfline
96 & Doppler Channel Number & Downlink Band ID & Data Type ID\odfline
192 & Number of Samples & Last Sample Time Integer Part (s) & Last Sample Time Fract. Part (ns)\odfline
\multicolumn{4}{|l|}{\bf ~ODF End-Of-File Group Header}\odfline
0 & Primary Key $=-1$ & Secondary Key $=0$ & Logical Record Length $=0$\odfline
96 & Group Start Packet Number & \multicolumn{2}{c|}{0}\odfline
192 & \multicolumn{3}{c|}{0}\odfline
\end{tabular}
%\end{scriptsize}
}

\else
\epubtkImage{orbit-data-files.png}{%
  \begin{figure}[htbp]
  \centerline{\includegraphics[width=0.75\linewidth]{orbit-data-files}}
  \caption{Orbit Data Files.}
\end{figure}}
\fi
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\section{Master Data Records}
\label{app:mdr}

% SGT: Also, use lower case.. not capitals......}
% VTT: The capitals are as in the original source.

All information received by the DSN from the Pioneer~10 and 11
spacecraft was stored in the form of Master Data Records, which were
structured as shown in the table below. As the structure demonstrates,
in addition to the 6-bit data words (see Appendix~\ref{app:formatCE})
encoded in the data frames, the MDRs also contain information about
the receiving DSN station~\cite{ARC221, ARC166A, ARC061, ICA84,
ICA155, RCD020}.

\ifpdf
\vspace{1em}

{
\centering
\begin{footnotesize}
\begin{picture}(416,284)
\drawline(32,276)(416,276)
\drawline(32,264)(416,264)
\drawline(32,252)(416,252)
\drawline(32,240)(416,240)
\drawline(32,228)(416,228)
\drawline(32,216)(416,216)
\drawline(32,204)(416,204)
\drawline(32,192)(416,192)
\drawline(32,180)(416,180)
\drawline(32,168)(416,168)
\drawline(32,156)(416,156)
\drawline(32,96)(416,96)
\drawline(32,84)(416,84)
\drawline(32,72)(416,72)
\drawline(32,60)(416,60)
\drawline(32,48)(416,48)
\drawline(32,36)(416,36)
\drawline(32,24)(416,24)
\drawline(32,12)(416,12)
\drawline(32,0)(416,0)
\drawline(32,0)(32,276)
\drawline(416,0)(416,276)

\drawline(128,252)(128,264)
\drawline(224,252)(224,264)

\drawline(128,240)(128,252)
\drawline(224,240)(224,252)
\drawline(320,240)(320,252)

\drawline(128,228)(128,240)
\drawline(224,228)(224,240)

\drawline(128,216)(128,228)
\drawline(224,216)(224,228)

\drawline(128,204)(128,216)
\drawline(224,204)(224,216)

\drawline(128,192)(128,204)
\drawline(224,192)(224,204)

\drawline(128,168)(128,180)
\drawline(224,168)(224,180)

\drawline(224,84)(224,96)

\drawline(224,72)(224,84)
\drawline(332,72)(332,84)

\drawline(128,60)(128,72)
\drawline(224,60)(224,72)
\drawline(272,60)(272,72)

\drawline(140,48)(140,60)
\drawline(320,48)(320,60)

\drawline(224,36)(224,48)
\drawline(332,36)(332,48)

\drawline(128,24)(128,36)
\drawline(224,24)(224,36)

\drawline(140,12)(140,24)
\drawline(320,12)(320,24)

\drawline(128,0)(128,12)
\drawline(224,0)(224,12)
\drawline(320,0)(320,12)

\begin{comment}
\put(32,276){\Line(384,0)}
\put(32,264){\Line(384,0)}
\put(32,252){\Line(384,0)}
\put(32,240){\Line(384,0)}
\put(32,228){\Line(384,0)}
\put(32,216){\Line(384,0)}
\put(32,204){\Line(384,0)}
\put(32,192){\Line(384,0)}
\put(32,180){\Line(384,0)}
\put(32,168){\Line(384,0)}
\put(32,156){\Line(384,0)}
%\put(32,144){\Line(384,0)}
%\put(32,132){\Line(384,0)}
%\put(32,120){\Line(384,0)}
%\put(32,108){\Line(384,0)}
\put(32,96){\Line(384,0)}
\put(32,84){\Line(384,0)}
\put(32,72){\Line(384,0)}
\put(32,60){\Line(384,0)}
\put(32,48){\Line(384,0)}
\put(32,36){\Line(384,0)}
\put(32,24){\Line(384,0)}
\put(32,12){\Line(384,0)}
\put(32,0){\Line(384,0)}

\put(32,0){\Line(0,276)}
\put(416,0){\Line(0,276)}

\put(128,252){\Line(0,12)}
\put(224,252){\Line(0,12)}

\put(128,240){\Line(0,12)}
\put(224,240){\Line(0,12)}
\put(320,240){\Line(0,12)}

\put(128,228){\Line(0,12)}
\put(224,228){\Line(0,12)}

\put(128,216){\Line(0,12)}
\put(224,216){\Line(0,12)}

\put(128,204){\Line(0,12)}
\put(224,204){\Line(0,12)}

\put(128,192){\Line(0,12)}
\put(224,192){\Line(0,12)}

\put(128,168){\Line(0,12)}
\put(224,168){\Line(0,12)}

\put(224,84){\Line(0,12)}

\put(224,72){\Line(0,12)}
\put(332,72){\Line(0,12)}

\put(128,60){\Line(0,12)}
\put(224,60){\Line(0,12)}
\put(272,60){\Line(0,12)}

\put(140,48){\Line(0,12)}
\put(320,48){\Line(0,12)}

\put(224,36){\Line(0,12)}
\put(332,36){\Line(0,12)}

\put(128,24){\Line(0,12)}
\put(224,24){\Line(0,12)}

\put(140,12){\Line(0,12)}
\put(320,12){\Line(0,12)}

\put(128,0){\Line(0,12)}
\put(224,0){\Line(0,12)}
\put(320,0){\Line(0,12)}

\end{comment}

\put(12,278){~bit}
\put(12,266){~~~0}
\put(12,254){~~32}
\put(12,242){~~64}
\put(12,230){~~96}
\put(12,218){~128}
\put(12,206){~160}
\put(12,194){~192}
\put(12,182){~224}
\put(12,170){~256}
\put(12,158){~288}
\put(12,146){~320}
\put(12,134){~~~.}
\put(12,122){~~~.}
\put(12,110){~~~.}
\put(12,98){1087}
\put(12,86){1088}
\put(12,74){1120}
\put(12,62){1152}
\put(12,50){1184}
\put(12,38){1216}
\put(12,26){1248}
\put(12,14){1280}
\put(12,2){1312}

\put(200,266){TIME TAG}

\put(68,255){SC/ID}
\put(140,255){TIME COR FLAG}
\put(288,255){DAY OF YEAR}

\put(72,243){UDT}
\put(168,243){DDT}
\put(228,243){SYNC COND CODE}
\put(360,243){DQI}

\put(40,231){\# BIT ERRORS PN}
\put(148,231){YEAR DIGIT}
\put(312,231){SNR}

\put(72,219){DSS}
\put(132,219){LOCK STATUS BITS}
\put(256,219){CONFIGURATION INDICATORS}

\put(40,207){SPCL DATA TYPE}
\put(164,207){GDD}
\put(260,207){\# OF DATA BITS IN RECORD}

\put(40,195){\# AGC SAMP AVER}
\put(132,195){HSD ERR CON BITS}
\put(256,195){RATE OF DATA TRANSMISSION}

\put(136,183){AVERAGE AGC OVER DATA IN RECORD}

\put(64,171){FORMAT}
\put(164,171){SPARE}
\put(272,171){NUMBER OF FRAMES}

\put(223,159){0}


\put(196,123){DATA FRAMES}

\put(64,87){MS CLOCK LSB (FRAME 2 OF 4)}
\put(256,87){MS CLOCK LSB (FRAME 3 OF 4)}

\put(64,75){MS CLOCK LSB (FRAME 4 OF 4)}
\put(236,75){DDA I/P ERRORS (1)}
\put(364,75){DDA}

\put(40,63){COMPUTATIONS (1)}
\put(144,63){DDA STATUS (1)}
\put(232,63){SPARE}
\put(288,63){GROUND RECEIVER AGC}

\put(40,51){DDA I/P ERRORS (2)}
\put(172,51){DDA COMPUTATIONS (2)}
\put(336,51){DDA STATUS (2)}

\put(112,39){SPARE}
\put(236,39){DATA I/P ERRORS (3)}
\put(364,39){DDA}

\put(40,27){COMPUTATIONS (3)}
\put(140,27){DDA STATUS (2)}
\put(304,27){SPARE}

\put(40,15){DDA I/P ERRORS (4)}
\put(172,15){DDA COMPUTATIONS (4)}
\put(336,15){DDA STATUS (4)}

\put(72,3){SCF 1}
\put(168,3){SCF 2}
\put(264,3){SCF 3}
\put(358,3){SCF 4}

\end{picture}
\end{footnotesize}
}

\else
\epubtkImage{master-data-records.png}{%
  \begin{figure}[htbp]
  \centerline{\includegraphics[width=0.75\linewidth]{master-data-records}}
  \caption{Sample Master Data Record.}
\end{figure}}
\fi
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\section{Selected Engineering and Science Instrument Telemetry Words}
\label{app:formatCE}

In the following table, we list selected engineering and science
instrument telemetry words (Formats C and E). Analog sensor readings
have word type 'A'; word type 'B' is for bit fields, while 'D'
represents digital values (e.g., counters). This list illustrates the
redundant information that is available from telemetry, describing the
thermal and electrical state of the spacecraft.

\begin{small}
\begin{longtable}{|p{0.05\linewidth}|c|p{0.51\linewidth}|c|}
\hline
Word & Bit & Definition & Type\\\hline\hline
\endfirsthead
\hline
Word & Bit & Definition & Type\\\hline\hline
\endhead
\hline
\endfoot
\hline
\endlastfoot
%C\sub{101} && A/D calibration value (low) 0.168~V&A\\
%C\sub{102} && A/D calibration value (mid) 1.512~V&A\\
%C\sub{103} && A/D calibration value (high) 2.424~V&A\\
C\sub{104} && Extended subcommutator ID.&B\\
C\sub{105} && RTG 2 current (0--11~A)&A\\
C\sub{106} && Battery voltage (0--15~V)&A\\
C\sub{107} && DC bus voltage (26--30~V)&A\\
C\sub{108}&1&JPL/HVM power&B\\
&2&ARC/PA power&\\
&3&UC/CPI power&\\
&4&UI/GTT power&\\
&5&GSFC/CRT power&\\
%&6 && \\
C\sub{109} && Battery charge current (0--0.3~A)&A\\
C\sub{110} && RTG 1 voltage (0--6~V)&A\\
C\sub{111} && Receiver A AGC CONSCAN --4 to +4~dB&A\\
%C\sub{112} && Roll attitude timer MSB&B\\
C\sub{113} && RTG 4 voltage (0--6~V)&A\\
C\sub{114} && RTG 3 current (0--11~A)&A\\
C\sub{115} && Battery temperature (--20 to 120\textdegree)F&A\\
%C\sub{116} && Roll attitude timer LSB&B\\
C\sub{117} && TRF +5~V output CDU Bus A (0--6~V)&A\\
C\sub{118} && TRF +5~V output CDU Bus B (0--6~V)&A\\
C\sub{119} && DC bus voltage (0--30~V)&A\\
%C\sub{120}&1&JPL/HVM bool released (0=released)&B\\
%&2&RTG 1/2 deployed (0=deployed)&\\
%&3&RTG 3/4 deployed (0=deployed)&\\
%&4&Separation status (0=separated)&\\
%&5&Decoder A (1=addressed)&\\
%&6&Decoder B (1=addressed)&\\
C\sub{121} && Receiver B AGC CONSCAN --4 to +4~dB&A\\
C\sub{122} && Shunt bus current (0--3~A)&A\\
C\sub{123} && RTG 4 current (0--11~A)&A\\
C\sub{124}&1&UCSD/TRD power&B\\
&2&USC/UV power&\\
&3&UA/IPP power&\\
&4&CIT/IR power&\\
&5&GE/AMD power&\\
&6&LaRC/MD power&\\
C\sub{125} && RTG 2 voltage (0--6~V)&A\\
C\sub{126} && Battery discharge current (0--10~A)&A\\
C\sub{127} && RTG 1 current (0--11~A)&A\\
C\sub{128}&1&Battery charge (0=auto, 1=float)&B\\
&2&Battery discharge (0=enabled)&\\
%&5&Ordnance relay status prime (1=armed)&\\
%&6&Ordnance relay status redundant&\\
C\sub{129} && DC bus current (0--6~A)&A\\
C\sub{130} && Nitrogen tank temperature (\textdegree\,F)&A\\
C\sub{131} && RTG 3 voltage (0--6~V)&A\\
%C\sub{132}&1&Coded/uncoded data (1=coded)&B\\
%&2&RTG 1/2 ordnance status (0=safe)&\\
%&3&RTG 3/4 ordnance status (0=safe)&\\
%&4&RTG 1/2 redundant ordnance status&\\
%&5&RTG 3/4 redundant ordnance status&\\
%&6&CDU sequencer status (1=enabled)&\\
C\sub{201} && RTG 1 fin root temperature (160--360\textdegree\,F)&A\\
C\sub{202} && RTG 2 fin root temperature (160--360\textdegree\,F)&A\\
C\sub{203} && RTG 3 fin root temperature (160--360\textdegree\,F)&A\\
C\sub{204} && RTG 4 fin root temperature (160--360\textdegree\,F)&A\\
C\sub{205} && TWT A temperature (40--125\textdegree\,F)&A\\
C\sub{206} && Driver a temperature (20--110\textdegree\,F)&A\\
C\sub{207} && TWT A converter temperature (40--125\textdegree\,F)&A\\
C\sub{208} && TWT A cathode current (24--30~mA)&A\\
C\sub{209} && Shunt bus current (0--3~A)&A\\
C\sub{210} && Propellant supply pressure (0--600~PSIA)&A\\
C\sub{211} && TWT A helix current (0--10~mA)&A\\
C\sub{212} && Receiver A loop stress (--100 to 100~kHz)&A\\
C\sub{213} && Receiver B signal strength (--149 to --63~dBm)&A\\
C\sub{214} && TWT B RF output power (26--40.4~dBm)&A\\
C\sub{215} && TWT B cathode current (24--30~mA)&A\\
C\sub{216} && TWT B helix current (0--10~mA)&A\\
C\sub{217} && RTG 4 hot junction temperature (880--1200\textdegree\,F)&A\\
C\sub{218} && RTG 3 hot junction temperature (880--1200\textdegree\,F)&A\\
C\sub{219} && RTG 2 hot junction temperature (880--1200\textdegree\,F)&A\\
C\sub{220} && RTG 1 hot junction temperature (880--1200\textdegree\,F)&A\\
C\sub{221} && TWT B converter temperature (40--125\textdegree\,F)&A\\
C\sub{222} && Receiver A VCO temperature (20--110\textdegree\,F)&A\\
C\sub{223} && Driver B temperature (20--110\textdegree\,F)&A\\
C\sub{224} && TWT A reference voltage (0--28~V)&A\\
C\sub{225} && +Y PSA line temperature (\textdegree\,F)&A\\
C\sub{226} && --Y PSA line temperature (\textdegree\,F)&A\\
C\sub{227} && Receiver B VCO temperature (20--110\textdegree\,F)&A\\
C\sub{228} && TWT B temperature (40--125\textdegree\,F)&A\\
C\sub{229} && Receiver B loop stress (--100 to 100~kHz)&A\\
C\sub{230} && TWT B reference voltage (0--28~V)&A\\
C\sub{231} && TWT A RF output power (26--40.4~dBm)&A\\
C\sub{232} && Receiver A signal strength (--149 to --63~dBm)&A\\
C\sub{301} && Platform temperature 1 (0--140\textdegree\,F)&A\\
C\sub{302} && Platform temperature 2 (0--140\textdegree\,F)&A\\
C\sub{303} && SRA temperature (--10 to 95\textdegree\,F)&A\\
C\sub{304} && Platform temperature 3 (0--140\textdegree\,F)&A\\
%C\sub{305} && Stored command time register bits 6--1&D\\
%C\sub{306}&1&Stored command time register bit 0&D\\
%&2--6&Stored command register bits 7--3&\\
%C\sub{307}&1--3&Stored command register bits 2--0&D\\
%&4--6&Stored command identification bits 1--3&\\
C\sub{308}&1&Receiver A signal present&B\\
&2&Receiver B signal present&\\
&3&Receiver A oscillator enabled&\\
&4&Receiver B oscillator enabled&\\
&5&Spin thruster B pulse count&\\
&6&Spin thruster A pulse count&\\
C\sub{309} && Velocity thruster cluster 1 temperature (40--200\textdegree\,F)&A\\
C\sub{310} && Spin thruster cluster temperature (40--200\textdegree\,F)&A\\
C\sub{311} && VPT 1 temperature (400--1800\textdegree\,F)&A\\
C\sub{312} && VPT 2 temperature (400--1800\textdegree\,F)&A\\
%C\sub{313}&1&CONSCAN thruster phase output status (0=0\textdegree\,, 1=180\textdegree\,)&D\\
%&2&CONSCAN threshold mode status (0=lo, 1=hi)&\\
%&3--6&CONSCAN A $\sin{\theta} bits 0--3&\\
%C\sub{314}&1--3&CONSCAN A $\sin{\theta} bits 4--6&D\\
%&4&CONSCAN A $\sin{\theta} sign bit&\\
%&5--6&CONSCAN A $\cos{\theta} bits 0--1&\\
%C\sub{315}&1--5&CONSCAN A $\cos{\theta} bits 2--6&D\\
%&6&CONSCAN A $\cos{\theta} sign bit&\\
C\sub{316}&1&CONSCAN power&D\\
&2&CONSCAN threshold (1=above)&\\
&4&Receiver switch status (1=A/B=Hi/Med)&\\
&5&Transmitter switch status (1=A/B=Med/Hi)&\\
&6&Antenna feed switch status (1=offset)&\\
C\sub{317} && SSA temperature (--30 to 194\textdegree\,F)&A\\
C\sub{318} && Platform temperature 4 (0--140\textdegree\,F)&A\\
C\sub{319} && Platform temperature 5 (0--140\textdegree\,F)&A\\
C\sub{320} && Platform temperature 6 (0--140\textdegree\,F)&A\\
C\sub{321} && Velocity thruster 2 (1B) pulse count&D\\
C\sub{322} && Velocity thruster 4 (2A) pulse count&D\\
%C\sub{323} && &\\
C\sub{324}&1&Command memory status (0=processing, 1=standby)&B\\
C\sub{325} && VPT 4 temperature (400--1800\textdegree\,F)&A\\
C\sub{326} && Velocity thruster cluster 2 temperature (40--200\textdegree\,F)&A\\
C\sub{327} && Propellant supply temperature (40--160\textdegree\,)&A\\
C\sub{328} && VPT 3 temperature (400--1800\textdegree\,F)&A\\
C\sub{329} && Velocity thruster 1 (1A) pulse count&D\\
C\sub{330} && Velocity thruster 3 (2B) pulse count&D\\
%C\sub{331} && &\\
%C\sub{332}&1&Sequencer power&B\\
%&2&Overload protection (1=on)&\\
%&3&Receiver reverse inhibit&\\
%&4&Command processor memory select (1=A)&\\
%&5&Command memory DTU identification (1=DTU)&\\
%&6&CDU +5~V bus status A/B (1=Bus A)&\\
%C\sub{401} && &\\
%C\sub{402} && &\\
C\sub{403}&1&Precession pair (1=VPT 1\&4)&D\\
&2--4&Pulse length bits 1--3&\\
&5&$\Delta v$ pair (1=VPT 1\&3)&\\
&6&Spin control direction (0=up)&\\
C\sub{404}&1--5&Star time gate bits 0--4&D\\
&6&$\Delta v$/SCT mode enabled&\\
C\sub{405} && Spin period MSB&D\\
C\sub{406} && Spin period&D\\
C\sub{407} && Spin period LSB&D\\
C\sub{408}&1--5&Roll pulse/index pulse phase error bits 4--0&D\\
&6&Phase error sign (1=roll pulse before index pulse)&\\
C\sub{409}&1&VPT 1 firing status&B\\
&2&VPT 2 firing status&\\
&3&VPT 4 firing status&\\
&4&VPT 3 firing status&\\
&5&SCT 1 firing status&\\
&6&SCT 2 firing status&\\
C\sub{410}&1&Despin on/off&D\\
&2&CONSCAN enabled&\\
%&3&Clock select A&\\
%&4&Clock select B&\\
%&5&Star angle gate 45\textdegree/360\textdegree\ (1=45\textdegree)&\\
%&6&Star level $>$180\% Canopus&\\
%C\sub{411} && No. 1 precession magnitude bits 0--5&D\\
%C\sub{412}&1--5&No. 1 precession magnitude bits 6--10&D\\
%&6&$\Delta v$ magnitude bit 0&\\
%C\sub{413} && $\Delta v$ magnitude bits 1--6&D\\
%C\sub{414} && $\Delta v$ magnitude bits 7--12&D\\
%C\sub{415} && No. 2 precession magnitude bits 0--5&D\\
%C\sub{416}&1--5&No. 2 precession magnitude bits 6--10&D\\
%&6&Star coincidence&\\
%C\sub{417}&1&SPSG roll reference (0=0\textdegree, 1=180\textdegree)&B\\
%&2&SPSG mode bit 1&\\
%&3&SPSG mode bit 2&\\
%C\sub{418} && &\\
%C\sub{419} && Star delay bits 0--5&D\\
%C\sub{420} && Star delay bits 6--11&D\\
C\sub{421}&1--2&Star count bits 0--2&D\\
&4&CEA power status DSL A&\\
&5&CEA power status DSL B&\\
&6&CEA power status PSE&\\
%C\sub{422}&6&No. 2 precession redundant magnitude bit 0&D\\
%C\sub{423} && No. 2 precession redundant magnitude bits 1--6&D\\
%C\sub{424}&1&No. 2 precession redundant magnitude bit 7&D\\
%&2--6&No. 2 precession angle bits 0--4&\\
%C\sub{425}&1--4&No. 2 precession angle bits 5--8&D\\
%&5--6&$\Delta v$ redundant magnitude bits 0--1&\\
%C\sub{426} && $\Delta v$ redundant magnitude bits 2--7&D\\
%C\sub{427} && Time delay bits 0--5&D\\
%C\sub{428}&1&Time delay bit 6&D\\
%&2--6&No. 1 precession redundant magnitude bits 0--4&\\
%C\sub{429}&1--3&No. 1 precession redundant magnitude bits 5--7&D\\
%&4--6&No. 1 precession angle bits 0--2&\\
%C\sub{430} && No. 1 precession angle bits 3--8&D\\
%C\sub{431}&1--3&ACS sequence status bits 1--3&D\\
%&4&Star time gate enabled&\\
%&5--6&Reference select bits 1--2&\\
%C\sub{432}&1&Star location octant 1 present&\\
%&2&Star location octant 8 present&\\
%&3&ACS registers inhibit&\\
%&4&Precession register 1 arm&\\
%&5&$\Delta v$ register 1 arm&\\
%&6&Precession register 2 arm&\\
%\end{longtable}
%\end{small}
%
%\begin{small}
%\begin{longtable}{|p{0.05\linewidth}|c|p{0.7\linewidth}|c|}
%\caption{\normalsize Science instrument telemetry words (Format E).\label{tb:formatE}}\\
%\hline\hline
%Word&Bit&Definition&Type\\\hline
%\endfirsthead
%\caption[]{(continued)}\\\hline
%Word&Bit&Definition&Type\\\hline
%\endhead
%\hline
%\endfoot
%\hline\hline
%\endlastfoot
E\sub{101} && ARC/PA detectors temperature&A\\
E\sub{102} && ARC/PA electronics temperature&A\\
%E\sub{103} && JPL/HVM spectrum analyzer X-axis output&A\\
%E\sub{104} && JPL/HVM spectrum analyzer Y-axis output&A\\
%E\sub{105} && JPL/HVM spectrum analyzer Z-axis output&A\\
%E\sub{106} && JPL/HVM status&D\\
%E\sub{107} && LaRC/MD event count&\\
%E\sub{108}&1&UC/CPI detector 1 status&B\\
%&2&UC/CPI detector 2 status&\\
%&3&UC/CPI detector 7 status&\\
%&4&UC/CPI priority mode status&\\
%&5&UC/CPI calibrate status&\\
%&6&UC/CPI calibrate status&\\
E\sub{109} && USC/UV electronics temperature&A\\
E\sub{110} && UC/CPI electronics temperature&A\\
%E\sub{111} && UC/CPI egg current range 1&A\\
%E\sub{112} && UC/CPI egg current range 2&A\\
%E\sub{113} && UC/CPI egg current range 3&A\\
%E\sub{114} && UC/CPI fission detector&D\\
%E\sub{115} && UC/CPI fission detector&D\\
%E\sub{116} && UC/CPI fission detector&D\\
E\sub{117} && CIT/IR low range temperature&A\\
E\sub{118} && GE/AMD preamp temperature&A\\
%E\sub{119} && GE/AMD secondary voltage&A\\
%E\sub{120} && &\\
%E\sub{121} && &\\
%E\sub{122} && GE/AMD event data&D\\
%E\sub{123} && GE/AMD event data&D\\
%E\sub{124}&1&UI/GTT logic status&B\\
%&2&GSFC/CRT status&\\
%&3&GE/AMD star exclusion status&\\
%&4&GE/AMD data readout status&\\
%&5&USC/UV channel status&\\
%&6&USC/UV roll status&\\
E\sub{125} && GSFC/CRT electronics temperature&A\\
%E\sub{126} && GSFC/CRT analog data 1&A\\
%E\sub{127} && GSFC/CRT analog data 2&A\\
E\sub{128} && GSFC/CRT detector temperature&A\\
%E\sub{129} && GSFC/CRT secondary voltage&A\\
%E\sub{130} && GSFC/CRT identification data&D\\
%E\sub{131} && CIT/IR command register part 1&D\\
%E\sub{132} && CIT/IR command register part 2&D\\
E\sub{201} && CIT/IR high range temperature&A\\
%E\sub{202} && JPL/HVM commutated housekeeping data&A\\
%E\sub{203} && JPL/HVM spectrum analyzer X-axis output&A\\
%E\sub{204} && JPL/HVM spectrum analyzer Y-axis output&A\\
%E\sub{205} && JPL/HVM spectrum analyzer Z-axis output&A\\
%E\sub{206} && UC/CPI L1 PHA&D\\
%E\sub{207} && LaRC MD event count&D\\
%E\sub{208}&1&GE/AMD threshold level status&B\\
%&2&GE/AMD bandwidth status&\\
E\sub{209} && UCSD/TRD electronics temperature&A\\
%E\sub{210} && UCSD/TRD high voltage monitor&A\\
%E\sub{211} && UCSD/TRD PCU monitor&A\\
%E\sub{212} && UC/CPI D7 count rate&A\\
%E\sub{213} && UC/CPI egg temperature&A\\
%E\sub{214} && UC/CPI L1 L2 coincidence count rate&D\\
%E\sub{215} && UC/CPI D1 $\overline{\mathrm{S}} D3 $\overline{\mathrm{D}}7 count rate&D\\
%E\sub{216} && UC/CPI D2 D4 D5 D6 $\overline{\mathrm{D}}7 count rate&\\
%E\sub{217} && UA/IPP high voltage monitor&\\
%E\sub{218} && &\\
%E\sub{219} && &\\
%E\sub{220} && UI/GTT 7.75~V monitor&A\\
E\sub{221} && UI/GTT electronics temperature&A\\
%E\sub{222} && GE/AMD event data&D\\
%E\sub{223} && GE/AMD event data&D\\
%E\sub{224}&2&UCTD/TRD timing status&B\\
%&3&UCTD/TRD high voltage status&\\
%&4&UC/CPI GSE stimulus status&\\
%&5&USC/UV channel status&\\
%&6&USC/UV roll status&\\
%E\sub{225} && &\\
%E\sub{226} && &\\
%E\sub{227} && &\\
%E\sub{228} && &\\
%E\sub{229} && &\\
%E\sub{230} && &\\
%E\sub{231} && &\\
%E\sub{232} && &\\
\end{longtable}
\end{small}
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