Solutions for the BOAA trial paper

Question Answer Mark
Section A 20
1. C 2
2. C 2
3. D 2
4. A 2
5. B 2
6. C 2
7. B 2
8. D 2
9. B 2
10. A 2
Section B 10
11. a.32° 3
b.2.9m 2
Solution:
H
a h
1
a.LetH=1.8m, h=0.8m, |=1.6 m. From thieimation in the
question and the diagram above, the altitude oStheis:
H—h
— -1 — o
a = tan <—l ) =32
b. The length of the shadow in the absence of tikisv
H
d= =29m
tana
12. a.6.00 x 103kms™?! 3
b.83 Mpc 2
Solution:
a. Doppler shift:
/1 - /10 _ v
o c

Wherel, = 656.3 nm — the rest wavelength ard= 669.4 nm — the
observed wavelength. Henae= 5988 km s~ ~ 6000 km s~ 1.

b. Hubble law:
v=Hyr

Usingv and the giveiidy, r = 83.17 Mpc ~ 83 Mpc.




Section C 20
13. a. 3
Diagram
R
a d 1
From the diagram, the apparent diameter of thecbige
R
<o () :
a sin d
For small anglessinx = tanx = x (in radians), so any of these is
acceptable.
Numerically:
Sun: @ = 0.533° 1
Moon: o = 0.545°
b. 2
The magnification of the telescope is:
M = fobjective — 200 cm — 1
feyepiece 2.5cm
The field of view of the telescope is thus:
FOV,yen; 52° 1
FOVieescope = % =g = 0:65°
The FOV is larger than the apparent diameter ofSiime (0.533), so it is
possible to see the entire image of the Sun iryepiece.
C. 3
At the North Pole the Earth is static. The reasby the eclipse occurs is
that the Moon has its own motion around the Eaith & period of 29.5
days, relative to the Earth’s motion around the.Sine angular velocity
of the Moon is thus:
_am_ 3600 o
w_T_29.5days_ 2°/day 1
Last contact First contact
<
N
As seen in the diagram above, the centre of therMowers an angular 1
distanceOf Ada = ag,, + apoon = 1.078° from first to last contact.
The time needed for the Moon to cover this distaace
pe =22 = 1078 s = 0.088 days = 2.12h
=% 122 ays = 0. ays = 2. ours 1

Thus, the duration of the eclipse seen from thetiNBole is 2.12 hours.
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d.

Earth rotates about its axis from West to Easti¢lakwise direction), sg
the Sun and Moon appear to move in the sky fromt EasWest
(clockwise). The Moon orbits the Earth, in an dotikwise direction,
from W to E, so the eclipse will begin on the Wesinf the Sun and wil
end in the E (as seen by an observer on Earth)gidgidirom the
coordinates given in the image, this is bi@ginning of the solar eclipse.

e.Optional

In part (c) we calculated the duration of the esdign case of a stat
Earth,At = 2.12 hours. This is a special case that only occurs at tHesH
of the Earth. At any other latitudes, we need testder Earth’s spin in th
calculations, as the observer will be moving al&ayth’s surface. This
will extend the duration of the eclipse, since timserver and the Moo
will rotate in the same direction (anticlockwis®uring the eclipse, thg
shadow of the Moon moves on the surface of thehEwaith a linear
velocity:

2na
Vntoon = % ~ 3,240 km h™!
oon

The distance the shadow of the Moon travels orsthiic Earth (assumin
that the Earth had a flat surface) during tte= 2.12 hours of eclipse is:

d = Upoon 4t = 6,870 km

Now, consider the rotating Earth. Earth’s rotatioredocity at the Equato
is:

27TREarth

VEarth = ~ 1,670 kmh™!

TEarth

At London’s latitude(¢p = 52.5°), Earth’s rotational velocity is:
Vkarthe = VEarth C0S@ =~ 1,020 kmh™!

The Earth-Moon relative velocity is thus:
Vrel = UMoon — VEarth,e = 2220 kmh™!

In this case, the duration of the eclipse will gase to:

d v
= At X Moon ~ 3.1 hours

Urel UMoon ~ VEarth COS @

In reality, the duration of the eclipse, as vieviiean London, will be less
than 3.1 hours as we need to consider that th&’Eatrface is curved. S
far, we considered that the shadow of the Moon m@vea projection of
Earth’s curved surface on a flat surface, but aii@te calculation is
complicated.

Also, in the question we considered the case ofa &clipse (the eclipse
is central”), while from London the eclipse on'2®arch will be a partial
one, with an obscuration of 85%. Therefore, theutargdistance the Moo
covers from first to last contact is smaller thhe dbne we calculated.

The partial eclipse on 3Vlarch will last for2"16™", with first contact at

\u:v'woo

[

08:45 UT and last contact 40:41 UT.
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14 a. 2
0.5
marks
Direction to observer Centre of mass
------------- mame il each
b. 1
From Figure 2 the velocity of the star around téetre of mass is:
Vgtar = 60 £ 10 m s™1
Accepted values for the velocity betwegth— 60 m s~! 0.5
marks
Accepted values for the uncertainty in velocitye#n10 — 14 m s™1 each
C. 3
Use Kepler’s third law:
T? 42 1
a3 G(Mstar + mplanet)
Neglectmpjaner K Mgar, and because the mass of 51 Pegasi is the same as
of the Sun use:
T2
P 1
WhereT is in years and in AU. The period of the planet 5=
4.23 days therefore the semi-major axis (same with radiuhis case as
the orbit is nearly circular) of the planet’s orisit
a = 0.05 AU 1
d. 4
The position of the centre of mass, in the CM frasreero. |.e.
R= mplanet rplanet + Mstarrstar -0
mplanet + Mstar
Therefore:
mplanet rplanet = Mstarrstar
The star-CM distance:
" — 27Trstar
star T 1
From where we get:
m _ Msolar Ustar T
lanet = —ear s
planet 27Trplanet 1
1

Mplanet = 9:3 X 10%%kg ~ 0.5 Myypicer
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Different method
For a closed system (like this planet-star systah® total linear
momentum, in the centre of mass frame, is 0. Thezethe momenta of
the star and of the planet are equal.

Conservation of momentum:
mplanet 17p1anet = Mstarvstar

Circular velocity:
_ 2nrplanet
17planet - T

Msiar = Msolar

Mass of the planet is:

_ Msolar Ustar T ~05M
mplanet - ~ U Jupiter
2T[rplanet

This is a lower estimate of the mass of the plbeetuse we are not given
any information about the inclination of the orbithich we assume to be
edge-on. If the orbit were tilted by an angle itt@ line of sight, the
measured radial velocity would ba&ini, and hence the true mass of the
planet is:M,,. = M,;/sini. Unfortunately, using the radial velocity
method we are not able to determine the inclinatibthe system, so all
the masses we measure are lower estimates.

[Any explanation about the tilt of the orbit is aptable]

e.Optional

In part (c) we neglected the mass of the planet ag,e; < M,y
If we don’t neglect it Kepler's'3law becomes:

TG (M +m
( Stj;r[z planet) = (rplanet + 7ﬂstar)g

Using the hint in the question:

Replacing in Kepler's"3law:

T?G My (1, + 13
42

) (i +n)

™
Rearranging,

T2G M, _r_p<1+r£)2

23
41me 1y Ty Ty

From Figure 3 we can get the radius of the orbibPegasi:

Vgtarl
r=—2 =349 x 10°m
2m

Replacing numerically,
1.057 x 10 = x(1 + x)? wherex = 7/,

Hencex = 2195 and

mplanet =0.48 M]upiter




