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Introduction. Several Earth-based time-series 

studies of features in the coma and the variable 

brightness of the nucleus of 103P have been 

published [1, 2, 3, 4, 5] that indicate that the spin of 

the nucleus is in an excited state and the primary 

periodicity currently increases with time. Radar 

studies of the motion have also been published [6]. 

Except for the primary periodicity these studies 

largely disagree on the direction of the total spin 

angular momentum vector of the motion and are 

ambiguous on the nature of the excited state, i.e., 

whether the motion is in the short (SAM) or long 

(LAM) axis mode. During the DIXI encounter with 

the nucleus, a long base-line of photometric 

observations of the coma and nucleus was obtained 

that showed the signatures of two periodicities, one 

increasing with time and the other decreasing. In 

addition, a sequence of high spatial resolution images 

was obtained that allow the projected motion due to 

spin of the long-axis of the nucleus and the change in 

projected length to be determined over about one-

tenth of the primary rotation period. 

     Analysis. In this contribution we show how the 

DIXI observations can be used to deduce the nature 

of the excited spin state and how it changes with time 

over the ~ 50d of the encounter with high-quality 

observations. One basic assumption is necessary to 

accomplish this: the torques caused by the net mass-

loss from the nucleus due to sublimation and jet 

activity are presumed to be continuous and relatively 

small so that the nucleus can be assumed to move 

through a sequence of torque-free states in which the 

total spin angular momentum vector does not precess 

over the time-span of the observations. 

      The analysis is accomplished in two steps: 1) 

under the assumption that the excitation is zero and 

that the nucleus is in principal axis rotation, and 2), 

under the assumption that the motion of the nucleus 

during ~2h around encounter can be approximated by 

the torque-free excited motion of a rigid body [7]. 

Necessary information on the principal moments of 

inertia of the nucleus and its shape were provided by 

Thomas et al. [8].  

     Preliminary results. The analysis is not complete 

at the time of writing – but some of our results are 

not likely to change by the time of ACM2012. At 

present the circulation of the long axis around the 

spin angular momentum vector at encounter is direct 

and has a period of 18.34 ± 0.04h and is spinning 

down at the rate of +1.4 min/d. The period of roll 

around the long axis, though uncertain, is likely to be 

55.42 ±0.10h and is spinning up at ~-0.3 min/d. The 

angle between the long axis and the angular 

momentum vector varies between 85 and 87 in a 

harmonic nodding motion. The excitation of the 

motion is not excessive and the instantaneous spin 

rate hovers around 16.7h with an angular separation 

of the spin vector from the total spin angular 

momentum vector of  ~ 20. The mode of spin 

appears to be the LAM. The total spin angular 

momentum changes by ~0.1% per circulation period 

and this result allows the magnitude of the net torque 

on the nucleus to be calculated. In principal this 

torque could cause the spin angular momentum 

vector to precess by up to 4 during the 60 day 

encounter period. The magnitude of the torque, if 

assumed to be entirely due to sublimation of H2O, 

implies that as much as 95% of the total H2O 

production takes place in the coma [9], where it does 

not contribute to the torque. 
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