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Solution: We will derive the expression for the change in angle of the stick’s shadow. Note
that it is equivalent to the change in azimuth of the Sun from sunrise to sunset.
Let the Sun (denoted as S) have declination § on some day. Denote the North Celestial Pole

as N and the zenith as Z. Then, NZ = 90° - ¢, where ¢ is the latitude. Also, NA=090°—4
and ZA = 90° at sunrise and sunset. Using the spherical triangle N AZ, we see that

cos (ﬁ) = C0s (ZTV) cos (ﬂ) + sin (NfZ) sin (ﬂ) cos (LNZA)

giving
sin &

cos (LNZA) =

cos¢’

Then, we see that the change in angle is either

ind ind
2 arccos (75111 ‘ ) or 2w — 2 arccos (sm ) ,
cos ¢ cos @

where § is the declination of the Sun and ¢ is the latitude. Since 105° < 180°, we only need
to focus on the first expression.

From this, we can see that, as ¢ is increased, the range of values taken by 2arccos (il;;i)

keeps increasing, noting that the Sun has maximum declination 23.44°. It is always upper
bounded by 180° and its lower bound decreases as ¢ increases. Since there is a unique answer
to this question, that means it is possible Connor’s latitude is in the interval (40° N, 50° N).

We can check that, at 40° N, the lower bound is 117.4°, when the Sun has maximum
declination 23.5°. Also, at 50° N, the lower bound is 103.5°.
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Solution: The key to this problem is that Rigel and Betelgeuse define a great circle, and
they appear vertical when the Zenith is on this great circle.
Rigel and Betelgeuse are very close to each other in the sky, so the region they occupy on
the celestial sphere can be approximated to be flat. The slope that they make relative to
the equator is approximately

arctan 98— = 56°.

QB — QR

The angle that their great circle makes with the celestial equator is this value. The Right
Ascension of the intersection turns out not to matter.
Over the course of a day, the Zenith travels along the small circle a height ¢ above the
equator, where ¢ is the latitude. The maximum latitude for which this is possible is 56°, as
seen in this figure.
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