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Ten sets of photometric observations of the near-Earth
asteroid 1685 Toro were obtained between 2024 January
26 and February 26. Using Tycho Tracker software, we
plotted the lightcurve of 1685 Toro and measured its
rotation period to be 10.1774 + 0.012 h with a lightcurve
amplitude of 0.51 £ 0.05 mag.

1685 Toro is a near-Earth Apollo asteroid that was discovered in
1948 July by C.A. Wirtanen at Mount Hamiliton. A total of 1875
images were taken on ten nights between 2024 January 26 to
February 26. We used an f/4 0.2-m reflector and ASI6200MM CCD
camera operating at -20 degrees C. Given Toro’s large sky motion,
exposure times were between 60 and 120 seconds. All of the frames
were taken under L band (unfiltered).

Tycho Tracker was used for data analysis and measurement. Bias,
flat, and dark frames were applied and the images aligned prior to
measuring. The V magnitudes from APASS were used for the
comparison stars. According to the asteroid lightcurve database
(LCDB; Warner et al., 2009), the mean absolute magnitude is
H =14.48 £ 0.13 if assuming a phase slope parameter G = 0.24 +
0.11. We used these values in our analysis. A fourth-order Fourier
lightcurve was fitto P=10.1774 £ 0.012 h for a light-time corrected
zero-point of JD =2460336.0.

The rotation period of 1685 Toro is known (Durech et al., 2022) to
be affected by YORP (Rubincam, 2000) based on data from 1972,
1988 (Hoffmann and Geyer, 1990), 2007 (Higgins, 2008, 2011) and
(Higgins et al. 2008), 2013 (Warner, 2013). In the YORP model, a

dw . . .
free parameter v = T s used to express rotational acceleration.
Assuming a linear model, the period can be calculated as:

2T[P0

PO = op =T +2n
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Where:
t: the time of observation (JD).
To:
Po:  the rotation period of Toro from which the model is

propagated.

the rotation period of (1685) Toro at a certain time, t.

the epoch from which the model is propagated.

P(t):

Tian et al. (2022) suggest YORP acceleration v = (3.2 = 0.3) x 10
rad-day? (1o error). Using To = 2441507.0, P = 10.197826 +
0.000002 hours (Tian et al, 2022). Toro’s rotation period at the
time of observation is P=10.197675 + 0.000165 hours. Meanwhile,
this work’s result is P = 10.1774 + 0.012 hours. There is evidence
that the rotation rate is accelerating; however, more accurate data
are required to analyze if any other effects changed its rotation
period.

1D JD Period in hours Author

1 2441507.0 10.197826 + 0.000002 Durech et al., 2002
2 2447379.0 10.1995 + 0.0018 H"ffma?;fg Geyer,
3 2454244.0 10.1995 + 0.0004 Higgins, 2008

4 2454513.9 10.1862 £+ 0.0006 Higgins et al. 2008
5 2455324.8 10.199 + 0.003 Higgins, 2011

6 2456152.8 10.188 + 0.002 Warner, 2013

2260336.0 .
7 (This work) 10.1774 + 0.012 Xiong et al.

Table I. (1685) Toro’s rotation period in hours observed from 1972 to

present. Note that the uncertainties in IDs 3-6 lack detailed
confidence degrees, suggesting they should be given less weight.
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