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Astronomy 150 Name:
Gravity Problems Section:

This little worksheet gives some examples of the types of grdty problems you will see on the
midterm. This is really the only math you will ever have to do on an exam. Make sure youreally
understand how to do each of these problems. Bug you TA until yu can do these types of problems
in your sleep. For each of these problems, make sure you showl af your work.

1. If you were to triple the size of the Earth (increase its radius by a factor of three) and triple
the mass of the Earth, how much would it change the gravity on tie Earth (how much would your
weight change)?

2. If you were to half the size of the Earth (shrink its radius by a factor of two) and double the
mass of the Earth, how much would it change the gravity on the Earth (how much would your
weight change)?

3. You have discovered a planet, that is one half (1/2) the radus of the Earth and one half (1/2)
as massive. How does the gravity on the surface of the planebmpare to the Earth?
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4. You have discovered a planet that is twice the radius of the Mbon and four times as massive.
How does the gravity on the surface of this planet compare to he Moon?

5. You have discovered a planet that is one half (1/2) the radiws of the Moon and one fourth (1/4)
as massive. How does the gravity on the surface of this planatompare to the Moon?

6. The gravity of the Moon is about one sixth that of the Earth. For example, an astronaut
weighing 180 pounds on the Earth would weigh about 30 poundsrothe Moon. If you were to
double the distance between the Earth and the Moon, how much wuld our 180 pound astronaut

weigh on the Moon? [Be sure to explain your answer].
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Astronomy 150 Name:

Crater Counting Section:
1) Martian Northern Hemisphere Surface Age = billion years old
2) Martian Southern Hemisphere Surface Age = billion years old

3) How accurate do you believe your estimate of the age of the staces are { for each surface, what
are the oldest and youngest ages that t your data? Be quantitative (e.g. 1 billion years).

4) Based on your data, do you think you could tell the di erence two surfaces 100 million years

apart in age? Why or why not?

5) Describe one way that you could increase the accuracy of yourge determination.

6) Currently the state of Washington has zero 5 km impact crates. What happened to them?
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Martian Crater Density Data Table

Northern Hemisphere Southern Hemisphere
Crater size | Number of Craters | Number of Craters || Number of Craters | Number of Craters
range (km) in Image in 1,000,000 kn? in Image in 1,000,000 kn?
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Image Scale 081632 64

Martian Northern Hemisphere - Image Size = 812,250 km
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Image Scale 081632 64

Martian Southern Hemisphere - Image Size = 774,250 kr
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Astronomy 150 Name:
Atmospheric Escape Section:

The ability of a planet to hold onto an atmosphere depends nay on two factors: Tem-
perature and Gravity . The temperature of a planet is important because it is realljust a
measure of how fast, on average, the molecules of gas in themmasphere are moving around.
The higher the temperature, the faster the molecules are miog. The gravity of a planet is
important because it determines the escape velocity of a plet. Any object with a velocity
greater than the escape velocity will escape the gravitatial pull of the planet.

: : , , , Planet Vescape Dist
The gravity of a planet is determined by its mass and radius. A (m/s) (AU)

planet with a stronger gravitational pull will have a higherescape
velocity. The table to the right lists the escape velocitiesnd dis- ~ Earth 11,200 1.0

tances for a few worlds in our solar system. Moon 2,300 1.0
Mars 5,000 1.5

The temperature of a planet is determined mainly by its distace from the Sun. The table
below shows the temperature a planet would have at variousstiances from the Sun.

Distance (AU) 05 1 2 4 6 8
Temperature (K) 566 400 283 200 163 141

Finally, the speed of a molecule of gas in an atmosphere dedsron its temperature and on
its mass. A heavier molecule moves slower than a light moldelat the same temperature.
The velocity of a molecule of gas can be determined from theuagion:

S

Velocity (m=s) = 157

Temperature
molecule mass

Molecule Symbol Mass

A table of a few molecules and their masses are given in  Hydrogen H, 2
the table to the right. Water H,0 18
Nitrogen N, 28

A \rule of thumb" in planetary science is that a planet can hotl onto a gas for the age of
the solar system if the velocity of the gas is less than one sixthe escape velocity of the
planet. In equation form this is:

Vescape

ol

Vgas <
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1. What is the velocity of a hydrogen molecule at 1 AU? [show youwwork]

2. Do you think the Earth can hold onto an atmosphere of hydrogéh Explain why or why
not.

3. What is the velocity of a nitrogen molecule at 1 AU?

4. Do you think the Earth can hold onto an atmosphere of nitrogeh Explain why or why
not.

5. Estimate how far our Moon would have to be from the Sun beforéwould be cool enough
to retain a nitrogen atmosphere [show your worKk].

6. Calculate the the mass of the lightest molecule Mars can hotth to [show your work].
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Astronomy 150 Name:
Meteorites Section:

The tables in the lab have a number of di erent types of sampte Examine them carefully,
with the idea that afterwards you will be identifying sample for which the types are not
going to be given. [You will probably also see one of these dmet nal exam.]

Sample Speci ¢ Characteristics
Type

Density Color & Textures Other

Iron
Meteorite

Stony
Meteorite

Stony-lron
Meteorite

Carbona-
ceous
Chondrite

Impact
Breccia

Shatter
Cone

Tektite
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Unknown Samples

On the table are a number of unknown samples. Write down whatype of meteorite or
impact rock you think it is and why. One or more of the rocks milgt not be meteorites or
impact rocks at all. If you think one of the samples is not a mebrite or impact rock, just
write down ROCK as its type.

Unknown Sample Type Reason for this Identi cation
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Astronomy 150 Name:
Reflectance Spectroscopy Section:

1. Set the spectrometer on a at surface so that no light is albwed in. Do not press any of the
buttons. Notice that the detector does not read zero; rather it reads a small number. This
is called thedark current . Write this number in the box below.

2. Dark Current =

3. Set the spectrometer on a at piece of paper. Press the 600m button. Notice that the
number you get is di erent from any other person in the room. This is the instrumental or
raw number. This number depends on the particular spectrometeryou are using, so is not
very useful.

4. Next we need to calibrate our spectrometer so that the numlers have some meaning inde-
pendent of the particular spectrometer we are using. Lucky, photographers also need to do
the same type of calibration, so they have made a standard gsacard that re ects 18% of
the light at all wavelength.

5. Position your re ectance spectrometer at on the gray card. Turn on the lights one at a time
and hold down the button until the numbers in the display stabilize. Record the number on
the display in the rst column of the Calibration Table on the next page.

6. This is not the actual amount of light being re ected by the gray card | remember the dark
current. To determine the actual amount of light being re ected by the gray card, subtract
the dark o set from each measurement and record the result inthe second column.

7. Next we want to nd out how much light each of the bulbs is actually emitting (and thus
to gure out how much light our samples are re ecting). But we know that the gray card
re ects 18% (or 0.18) of the light hitting it, so we can use our previous measurements to
calculate this:

8. Light re ected by gray card = 0.18 Light emitted from bulb
9. Therefore, the light emitted is the measurement in the seond column divided by 0.18. Record
your calculations in the third column.
Collecting Data

Now place a green leaf on a foam card, and place the spectronszton top of the leaf. Measure
the re ectance of green leaf at each of the wavelengths.

In the rst column of the Data Table , record the raw instrumental numbers (raw).
In the second column of the data table (re ):

{ Take the number from the rst column, subtract the dark curre nt.

{ Divide this value by the amount of light the bulb is actually e mitting (you calculated
this in the last column of Calibration Table ).

{ The numbers in the \re " column should be between 0.0 (i.e. re ecting no light) to 1.0
(re ecting all the light).

{ Plot your results and connect the points.

Now observe the rock samples. Calculate their re ectance ateach wavelength using the
procedure above, and record them in the table. Plot your reslis on the same graph. Please
use a di erent symbol, color, or line style to distinguish eech of the lines on your plot.
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Calibration Table - Grey Card

Raw Instrumental
Number

Remove Dark
Current (Raw -
Dark)

Amount of Light
Emitted by Bulb
(Raw - Dark) / 0.18)

470 nm

525 nm

560 nm

585 nm

600 nm

645 nm

700 nm

735 nm

810 nm

880 nm

940 nm

Data Table

Green
Leaf
(raw)

Green
Leaf

(re)

Basalt
(raw)

Basalt

(re)

Olivine
(raw)

Olivine

(re)

Anorth
(raw)

Anorth
(re)

470 nm

525 nm

560 nm

585 nm

600 nm

645 nm

700 nm

735 nm

810 nm

880 nm

940 nm
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When you take an image with a camera, the Im records an image bthe entire visible spectrum.
Most cameras on spacecraft take images of only a small chunk the spectra and range far beyond
the visible part. To take images of just a piece of the spectrm, Iters are placed in front of the

camera. Two such Iters are indicated by the cross-hatched egions labeled \1" and \2" on your

graph.

List the four samples from brightest to darkest as seen throgh Iter #1:

List the four samples from brightest to darkest as seen throgh Iter #2:

Assume that you only have data from lters #1 and #2.

How could you distinguish Anorthosite from Basalt?

How could you distinguish Olivine from Basalt?

How could you distinguish Basalt from a Leaf?

How could you distinguish Anorthosite from a Leaf?
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Landsat Images - Remote Sensing

Landsat are a series of Earth-observation satellites that have fundmentally changed how we
look at our world. The rst Landsat was launched in July of 1972 and the seventh in the series
was launched April 15, 1999. The Landsat satellites image E#éh at many di erent wavelengths,
including wavelengths in the infrared. They are essentialf orbiting re ectance spectrometers.
Below are two images of Mount St. Helens that were taken by thd.andsat satellite through a Iter
that closely corresponds to our Filter #2. the peak of Mount St. Helens is the dark object near
the center of the left edge of each image. The image on the leftias taken in 1973 and the image
on the right was taken in 1983. Mount St. Helens erupted on Mayl18, 1980. It is easy to see the
the dramatic change between the pre- and post-eruption imags.

In the 1973 image, Mount St. Helens is surrounded by materiathat is bright in Filter #2. Based
on the data we collected, what is this material?
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In the 1983 image, Mount St. Helens is surrounded by materiathat is darker in Filter #2. Based
on the data we collected, what is this material?

Explain the reason for the change.

Assume it was possible to take a similar Landsat image of theity of Seattle 200 years ago. Describe
how that image would look di erent from one taken today, and explain the reason for this di erence.
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Astronomy 150 Name:
Exoplanets Section:

For each of the two data sets, plot the data points on the graphUse the observed radial
velocities (in m/s) versus the day of the observation.

Draw a smooth curve (do not simply connect-the-
dots) through the data. The curve is a sine curve
(ask if you don't know) and thus will always reach *+| 7% /}\
the same maximum and minimum values and havez '
the same \number of days" between each \peak"z |, '
and \valley". You should interpolate between data
where points are missing.

Radial Velocity [m.
~

We know need to determine the period (P) and am- ‘L ‘Y
plitude (A) of the two datasets. A period isdened -
as one complete cycle; that is, where the radial ve- Time [days]
locities return to the same position on the curve

(but at a later time). The amplitude is one-half of

the value of the full range of the velocities. See the diagraabove.

51 Peg
a) What is the period, P, in days? Perod=___ [days]
b) What is P in years? P=____  [years]

(Divide the period in days by the number of days in a year; therswer will be a decimal
smaller than 1.)

c) What is the amplitude, A? A= [m/g]
HD 195019

a) What is the period, P, in days? Perod=___ [days]
b) What is P in years? P=____  [years]

(Divide the period in days by the number of days in a year; therswer will be a decimal
smaller than 1.)

c) What is the amplitude, A? A= [m/g]
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2) We will make some simplifying assumptions for these new platary systems:

The orbit of the planet is circular (e = 0)

The mass of the star is 1 solar mass

The mass of the planet is much, much less that of the star

We are viewing the system nearly edge on (i = 99

We express everything in terms of the mass and period of Jueit

We make these assumptions to simplify the equations we have tise for determining the
mass of the planet. The equation we must use is:

P A
M planet = 1 13 [Units = Jupiter Masses]

P should be expressed in [years] (or fractions of a year), addin [m/s]. 12 [years] is the
approximate orbital period for Jupiter and 13 [m/s] is the m@gnitude of the \wobble" of the
Sun due to Jupiter's gravitational pull. Put in your values br P and A and calculate the
mass of this new planets in terms of the mass of Jupiter. (Foxample: M pjanet = 4 Jupiter

Masses.) Show all work.

51 Peg

HD 195019
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3) Assume that the parent star is 1 solar mass, and that the plat is much less massive
than the star. We can then calculate the distance this planeis away from its star, in
astronomical units (AU's) by using Kepler's third law: a®>=P2 = 1. P is expressed in [years],
and a represents the average distance in [AU's]. Solve far a = ( P2)1=3

51 Peg a=___ [AU]

HD 195019 a=___ [AU]

4) In the space below, sketch the orbits of the inner planets iour solar system, and the
orbits of 51 Peg and HD 195019. What is unusual about these n@lanets? (Mercury is 0.4
AU from the Sun; Venus, 0.7 AU; Earth, 1.0 AU; Mars, 1.5 AU).
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5) The best spectrometers can measure variations in radialleeity as little as 1 m/s. Using
this limit as the amplitude (A = 1 m/s), calculate the smallest mass planet you could detect
that has a distance from the central star of 1 AU and 10 AU. How aks the mass compare
to the Earth (M jypiter = 318 Mgarn )?

distance = 1 AU (P =1 year)

distance = 10 AU (P = 31.6 years)

6) One of the weakest assumptions we made in our calculatiorssthat we are viewing the
systems nearly edge-on (i = 90. Except for a very few cases, we have no way of knowing
this. We actually can not determine the mass of the planet, liuather we are determining
the mass sin(inclination). Fori =90 , sin 90 =1 S0 Mgy SiN i = M gpserved- With this

in mind, how would the mass o061 Peg be dierentifi=60 , 30, and 5.

i =60

i =30
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51 Pegasi Radial Velocity Data

Day RV | Day RV | Day RV | Day RV
(m/s) (m/s) (m/s) (m/s)
0.6 -20| 4.7 -28| 7.8 -32| 10.7 57
0.7 -8| 4.8 -23| 8.6 -44| 10.8 51
0.8 6| 5.6 45| 8.7 -37| 11.7 -3
1.6 56| 5.7 48| 8.8 -35| 11.8 -5
1.7 67| 5.8 56| 9.6 25| 12.6 -39
3.6 -35| 6.6 65| 9.7 36| 12.7 -49
3.7 -43| 6.7 63| 9.8 41| 13.6 3
4.6 =341 7.7 -23| 10.6 61| 13.7 18
51 Peg
Radial Velocity (m/s)
70
60
50
40
30
20
10
0
-10
-20
-30
-40
-50
-60
-70
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (days)
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HD 195019 Radial Velocity Data

Day RV | Day RV
(m/s) (m/s)

1.0 -223| 8.9 326
20 -186| 10.0 262
3.1 -107| 10.9 258
4.0 0] 12.0 175
5.0 92| 13.8 -3
7.0 244 14.8 -80
8.0 292

HD 195019
Radial Velocity (m/s)
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100

50

0

-50

-100
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-350
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Time (days)
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Astronomy 150 - Midterm Name:

April 30, 2009 TA's Name & Section (2 pts):
Answer all questions in the space provided. If you have any qu estions, raise your hand.
100 points possible. NO CALCULATORS OR ANY ELECTRONIC DEVIC ES.

Four planets are orbiting a star that is identical to our Sun. We have observed these planets and
collected the following data. Use these data for the entire exam!

Planet Mass Diameter  Density Moment of Distance from
[Earth = 1] [Earth=1] [g/cm 3] Inertia factor [K] star [AU]

Ardbeg 0.5 0.7 5.8 0.34 0.3

B owmore 0.8 0.9 4.4 0.36 0.7

Caollla 8.0 2.0 4.0 0.30 1.0

D almore 0.1 0.5 3.1 0.40 15

1 (3 pts) If we assume that these planets are made of the same netials as our solar system (ice,
rock and iron) what is the most likely compositions of the planet D almore ?

2 (6 pts) Which of the planets is least di erentiated? Make sure to explain your answer.

3 (8 pts) How does the gravity on Caollla compare to the gravity on the Earth? Make sure to
show your work.




4 (6 pts) Explain why the planet Caollla would be the most likely of the four planets to still be
geologically active today.

5 (2 pts) What type of rock would be most common on a geologicall active surface ofCaollla ?

6 (8 pts) You already determined how the gravity on Caollla compares to the Earth. Based
on this, would expect the mountains onCaollla to be shorter or taller than the ones on Earth?
[Explain your reasoning]




7 (8 pts) What is the type and age of the youngest rock you would &pect to nd on the surface of
Dalmore ? Be as specic in the age and type as you can.

8 (8 pts) Explain why you would not use a radioactive element like Carbon-14 (half-life = 5,730
years) to determine the age of the surface ob almore .




To explore the planets, you send an Planet Surface Pressure Surface Temperature Composition

orbiter/lander sample-return mis- [atm] Range [ C]

sion to the planetary system. The  Ardbeg 100! 300 No Atmosphere
orbiter collects the following data gg‘é"lﬂ‘;’re ;8 9;)0!! 7955 ggzjz g%
about the planetary atmospheres: b almore s 0o o e

9 (4 pts) Hydrogen is the most common gas in the universe, yet noe of these planets has hydrogen
in its atmosphere. Explain why this is.

10 (4 pts) Planets Bowmore and Caollla have atmospheres that are rich in CQ. Where did
this CO, come from?

11 (8 pts) Explain why the variation in surface temperature is much larger onB owmore than
on Caollla




Your lander on Caollla discovers the sub-
stance calledOobleckon the surface. The phase
diagram for Oobleckis shown at the right.

12 (3 pts) What is the phase of Oobleck
on the surface ofCaollla ?

Pressure (atm)

Solid Liquid Gas

0 25 50 75 100
Temperature (C)

13 (3 pts) What is the phase of Oobleckhigh in the atmosphere ofCaollla ?

Solid Liquid Gas

14 (3 pts) What would the phase of Oobleckbe in this room?

Solid Liquid Gas

15 (8 pts) Based on the data given on the previous pages, explaimhy you would not
expect to nd life (like it occurs on Earth) on any of these worlds.




16 (8 pts) In the space below sketch andlabel the crater density diagram for Caollla and
Dalmore .

17 (8 pts) Explain why the impact of a 5 km asteroid would have a fa larger global e ect on
Bowmore than on Ardbeg .




Astronomy 150 { Final Name:

June 10, 2009 { Spring 2009 TA's Name & Section:
Answer all questions in the space provided. If you have any qu estions, raise your hand.
100 points possible. No calculators or electronic devices o f any type.

1 (4 pts) What type of meteorite is most likely to be found on the surface of an asteroid that has
never been heated?

2 (4 pts) Jupiter takes about 12 years to go around the Sun. Howdng would it take for an asteroid
in a 2:1 resonance with Jupiter to go around the Sun?

3 (8 pts) Explain why complex life may not have occured on Earthif it rotated on it axis at the
same rate as Venus (1 rotation = 243 days).




4 (4 pts) What type of meteorite is most likely to be found in the core of a very small € 100 m)
asteroid?

5 (4 pts) Describe why the tidal force of Jupiter distorts the shape of lo.

6 (8 pts) Explain why there is a close relationship between thecomposition of a terrestrial world's
surface and the composition of its atmosphere.




7 (4 pts) What type of meteorite is most likely to be found on the surface of an asteroid that used
to be volcanically active?

8 (4 pts) Describe how the visual appearance of the clouds of Juter would change if you were to
slow down Jupiter's rotation rate.

9 (8 pts) Explain why there is so much more material at 5 AU to build Jupiter than there is at 1
AU to build the Earth.




10 (8 pts) On the axes below, sketch and label arR-Plot for A - a typical dead world in the
outer solar system, andB - a typical dead world in the inner solar system.

Small | Large
Crater Size

11 (8 pts) Explain why the di erence in the two R-Plots you plott ed above means that we cannot
use crater counts to determine the age of surfaces in the outesolar system.




12 (4 pts) What type of material is most likely to be found on the surface of a very small € 1 km)
Kuiper Belt Object ?

Planet Period Maximum Radial

The table on the right shows the radial velocity observatioral [Days] Velocity [m/s]

data for two stars that are just like our Sun, with planets

orbiting them. A 50 100

B 100 25

13 (8 pts) On the graph below, draw how the radial velocity of eat of the two stars would change
over 200 days of observations (label each line). Assume thahe stars have a radial velocity = 0
m/s on Day O.

toof - e e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

a
o

Radial Velocity (m/s)
o

a
o

**********************************************************************************

200 [ Lo e S — —

Time (days)

14 (8 pts) Explain which of the two planets would be the easier todetect.




15 (10 pts) | said that Kupier belt objects were dark and red. In the space below, sketch and label
the re ectance spectra of a Kuiper belt object and a white piece of notebook paper. You should
have one plot with two spectra plotted.

16 (6 pts) | have said many times that \the Sun is the top 99 objects in the
Solar system." Obviously, the Sun is only one object. Explan what | meant
by this statement.




