Parallax of an Asteroid

Parallax is the most fundamental, reliable technique for measuring distance. You use it all the
time (it’s why you have two eyes); however, you may not be familiar with its application in
astronomy. The drawback of parallax is that it’s only useful for fairly nearby objects, and it
takes months of waiting for the Earth to move around the Sun to get a large signal. However,
with a very nearby object, like an asteroid, you can measure its distance with parallax in just
a few hours. In order to distinguish between the proper motion of your target and the
parallax-induced apparent motion, you’ll also have to measure and understand the laws that
govern the orbits of objects in the solar system.

Objective:

e Measure the apparent shift of an object in the outer solar system. Use parallax to compute
the distance from the Earth to this object.

e Understand the proper motion of an object in the outer solar system, and compute its
distance using Kepler’s law.

Targets and Observations:

Observe an asteroid at the zenith. Take at least two pictures; separated by enough time to
obtain a clear measurement of its apparent motion with respect to the background stars (at
least 30 minutes; an hour or more is better).

Planning:

Little advance planning is required for this lab; there are thousands of asteroids, so it’s always
easy to find one in a good position to observe. When you’re ready to observe an asteroid, load
the Minor Planet database into TheSky (go to Data -> Extended Minor Planets, and compute
the planets). A sea of red dots shows up on the screen. In order to select an appropriate
asteroid to observe, you have to do some filtration (the technique is illustrated at the end of
the lab manual). Find one of these asteroids which is at the zenith. Write down the name of
the target and its distance to the Sun as shown in TheSky below (You will be asked to
compare this value with the one you calculate):

Name of the asteroid :
Distance to the Sun in AUs :

Observations:

Take an image of the asteroid. It will just look like a star, so you need to make very sure that
the telescope is pointing at the right spot; either calibrate the offset between the telescope and
the computer on a nearby bright star before observation, or match up star patterns seen in
your image. Make sure that the asteroid is pretty close to the center of the field, and that there
is a good number of background stars visible.

Now wait, giving the Earth and the asteroid time to move. Take another picture of the same
star field, and verify that you have seen the asteroid move. You’ll need a minimum of two



pictures (strongly recommended three or more pictures), separated by about an hour or more.

If you like, you can take more pictures in the interval between, or afterwards, to create a

movie of the asteroid’s apparent motion.

Analysis:

While the observations for this lab are pretty easy, the data analysis winds up getting a bit

complicated. Keep a few things in mind:

e All distances should be measured in astronomical units (AUs). Do not convert anything
to meters, kilometers, light years, or parsecs, unless you want a headache.

e All times should be measured in years; this may require you to convert the time between
your observations from minutes to years, but it simplifies the math.

e The key is a good diagram — ask your tutor for help.

First, make sure you understand what the measurements are and what you are looking for.
The diagram below shows schematically what parallax is about.
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e : the distance the Earth moved between observations;
m: the measured distance from the Earth to the asteroid
p : the parallax angle

Because the time between our observations was very short compared to a year, we can ignore
the curvature of the Earth’s orbit. We’re also assuming that the asteroid's orbit is in the same
plane with the Earth.

Calculation:

You first need to work out the plate scale of the images, i.e. how many arcseconds in the sky
does 1 pixel correspond to? Given that the telescope has 16” diameter and /8.4, and the CCD
has pixel size of 9microns.

First study the images you took of an asteroid. Align the first and last images you took
(techniques of stacking images is illustrated in the end of the lab manual). Measure how far
the asteroid moves in pixels. Convert this to apparent angular shift P, in arcseconds, using the
telescope’s plate scale. Show your calculation below:

Measure how much time passed between your two images, in seconds:
Convert this to fraction of a year:
Now compute the distance (in AU) the Earth moved in its path around the Sun in between
your two images, assuming that the Earth’s orbit is a circle with radius = 1 AU. This is
denoted by e.

If you assume the asteroid was not moving in between your two pictures, what is the distance
from the Earth to the asteroid (m)?




But, of course, the asteroid was moving in between your two images, and this fact will throw
off the distance you calculated above. Is your answer too large, or too small?

Modify the parallax diagram to show what’s really going on by including the asteroid’s
motion. On the modified diagram, label the following quantities:

a : the distance the asteroid moved between observations
d : the true distance from the Earth to the asteroid

Now look at the geometry of your diagram. Write down an equation that will let us to
calculate d in terms of e, a, and m.
Now the problem is that we cannot solve this equation unless we know a. The trick is to use
Kepler’s Third Law of planetary motion, which states that objects farther from the Sun move
more slowly through their orbits, and thus take a longer time to complete one orbit.
To be precise,

Y2 =R3,
for any solar system object (like a planet or asteroid), where Y is the orbital period and R is
the radius of its orbit. (Note that this form of the equation only works if you use the right




units for distance and time; note also that, for the Earth, Y=1 and R=1, so the equation works
just fine.)

Using Kepler’s third law and some geometry, write down an equation that will let us to solve
for ain terms of d and e:

Now we have two equations, and two unknown quantities (a and d). Use the second equation
to replace a in the first equation, so that you have one equation that contains only d and m
whose values you already know:

Now use the quadratic formula to solve this equation for d:

You will have two values of d. Reject the unreasonable one and explain why. Also, compare
d with m, what is the effect while considering the asteroid's proper motion?




Image Printout:
Finally, show your stacked image below, indicate the movement of the asteroid. Below is an
example for you to follow:

a8 ’
: ”

'SAO 113815

. ¥

219 Thusnelda s G
21.12.2014 v B
20S x 8 °

You should mark down the name of the asteroid, the date of the image, the exposure time and
the number of images you stack. Also indicate the direction of motion.




Appendix

Techniques:

(1) Locate an asteroid in TheSky 6:
Data -> Extended Minor Planets, and compute the planets:

Comets and Minor Planets  ?

Comets | Minor Planets | Extended Minor Planets

Orbital elements

File name: | ersifuanyuaniDownloads\astorb.dat

|:| Compute on startup
[ show 24-hour path
Show all minor planets at all fields of view

Minor planet count: 0

Compute Remaove

- 9
Comets and Minor Planets ¢

Comets | Minor Planets | Extended Minor Planets
Mumber of minor planets: 101
A Edit...
Add...
Remove...
Import...

From the web

Distant...

||+ 10 Hygiea

|[+| 11 Parthenope
|[##]12 Victoria Critical...
|[+]13 Egeria
|+ 14 Irene
|[+#] 15 Eunomia
|[w] 16 Psyche

Unusual...

By Mame...

Cancel




Select all the minor planets and click OK.

You better choose an asteroid of magnitude above 13, you can filter the asteroids in TheSky
setting:
View -> Display Explorer -> Solar system -> Minor Planet -> Display properties:

M103

Properties

Display Properties | properties File

Object Type: Minor Planet
Visible
Magnitude limits

Brightest: | ©.0 Font...
Faintest: |30.0 7 -

Cancel

In the Magnitude limits: Input 13 in the Faintest field. Click OK.

Also go to View -> Display Explorer -> Solar system -> Extended Minor Planet -> Display
properties, type 13 in the Faintest field. Click OK.

Go to View -> Display Explorer -> Solar system -> Extended Minor Planet -> Labels, check
Magnitude. Then the magnitude of asteroids will show in TheSky 6.
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(2) Measure the length in pixels in MaxIm DL.:

[BT18

2 ]
Information £

Cursor (%= 1465, Y= 962 ). Rad= 10, Rad2= 22
Picel 1061.436 Magntude  3.207
Mandmum 1082.852 Intensity  10430.023
Minimum 1000.119 SNR 85674
Median 1033.147

Average 1036.326 Bod Avg 1003.424
Std Dev 18.920 Bad Dev 6.838

Centroid ~ {X= 1465.041, Y= 561734 )
FWHM 12.367 Flatness D110

= Display in i e
Mode | Aperture I e Calibrate >>

Screen Stretch

| b
An 2] 2

Minimum Maximum M
96851 =|[ 10896 i | 3]

?

Left click the star you want to measure. Be sure the cursor circle the star spot. In the
information window, mark down the Centroid (X1,Y1) for Star 1. Do the same for Star 2

(X2,Y2). The length in pixels between Star 1 and Star 2 is /(X; — X5)2 + (Y; — ¥5)? .
(3) Check the observation time with MaxIm DL.:



Open the image in MaxIim DL. Go to View -> FITS Header Window or shortcut key Ctrl + F,
the FITS Header window will pop up as shown below, check the time of the image taken in
DATE-OBS. Please notice that the time shown is UTC.

FITS Header for 2015 1 27 Moon reducer 6d 22h.fit ?

View l Edit ]
SIMPLE =T ~
BITPIX =16 /B unsigned int, 16 & 32int, -32 & -64 real
MNAXIS =2 /number of axes
MAXIST = 3073 Aastest changing ands
MAXIS2 = 2048 /next to fastest changing ads

BSCALE = 1.0000000000000000 /physical = BZERO + BSCALE amay_value
BZERO = 32768.000000000000 /physical = BZERO + BSCALE amay_value
DATEQBS  ="2015-01-27T11:00:53" YYY-MM-DDThh:mm:ss observation stard
EXPTIME  =1.0000000000000000 /Exposure time in seconds

EXPOSURE =1.0000000000000000 /Exposure time in seconds

SET-TEMF = -20.000000000000000 /CCD temperature setpoint in C
CCD-TEMP  =-3 4755777500000002 /CCD temperature at start of exposure in C
KFPIX5Z = 5.0000000000000000 /Pocel Width in microns (after binning)

YFPIXS5Z = 5.0000000000000000 /Pixel Height in microng (after binning)
KBINMING =1 /Binning factor in width

YBINMING =1 /Binning factor in height

¥ORGSUBF =0 /Subframe X position in binned pixels

YORGSUBF =0 /Subframe Y position in binned pixels

IMAGETYP ="Light Frame’/  Type of image

FOCALLEN = 0.00000000000000000 /Focal length of telescope in mm
AFTDIA = 0.00000000000000000 /Aperture diameter of telescope in mm
APTAREA = 0.00000000000000000 /Aperture area of telescope in mm™2

Close

(4) Exposure time

For asteroids with Magnitude ~ 12, exposure time should be around 20s. Double check the
focus of the telescope before you take images.

(5) Stacking in MaxIm DL

Open all the images you want to stack in MaxIm DL. Go to Process -> Stack.

Stack ?

Select lOuaIi‘ty] Align ] Color I Combine ]

Add Images... | -

Mark added items as Classify by
[v Auto Calibrate I OBJECT
[ Auto Color Convert | | ¥ FILTER
[~ Make Pixels Square

Description of Selected kem

Close

Click Add Images, then click add all.
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Stack ?

Select Images Align ] Calor ] Combine]

Awailable Images

719 Thisnelda 71 0B@ms)fe | L mages... | ~

219 Thusnelda 21 40(20s) fit

215 Thusnelda 21 55(20s) fit yme as Classify by
219 Thusnelda 22 23(20s) fit ORIECT
215 Thusnelda 22 36(20s) fit Hte o
215 Thusnelda 22 56{20s) fit Convert || ™ FILTER
215 Thusnelda 23 13(20s) fit
215 Thusnelda 23 23(20s) fit 5 Square

elected tem
< >
Add Al | | Cancel |

Close |

After adding images, click the Align Tab. Choose Manual 2 Stars in Mode. Check Use
Centroid and Auto Next.

Stack ?
E----EI'S Group1 {no OBJECT) Select ] Quality Align lCoIor ] Combine ]
|?:| by 219 Thusnelda 21 02(20s) fit
=l 219 Thusnelda 21 40(20s) it Mode |Manual 2 stars j

=l 219 Thusnelda 21 55(20s)fit

=l 219 Thusnelda 22 23(20s) it [+ Use Certroid Prev Group
=l 219 Thusnelda 22 36(20s) it W Auto Next

=l 219 Thusnelda 22 56(20s) it Prev Image 4|
i AN 219 Thusnelda 23 13(20s)fit Marked Position

il 219 Thusnelda 23 23(20s) fit |T ’7 Next Image [P
ﬂ Mext Group
Image Alignment Preview -

X EEEE v [
8| :I Scale| :I

Close

Then you can start to align images. Zoom in the images to choose 2 stars (excluding the
asteroid of course) which are best at the two corners at the diagonal line of the images. These
are the 2 stars you use to align images. Then Click the first image in the Goup 1 window.
Move the cursor to Star 1 in the image, left click to mark the position of Star 1. There is "1"
showing near the cursor, indicating you are marking Star 2 The image will change to next one
automatically once you left click Star 1. After marking Star 1, the number near the cursor will
change to "2". Do the same marking for Star 2. Then you finish alignment.

Click the Combine Tap. Choose Sum in Combine Method. Notice that there are red crosses

ahead the image names in the group information. Left click each red cross once to change it
into red tick.
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B-Ww]=3 Group1 o OBJECT) E-fw]i=3 Group1 fno OBJECT)

----- BN 215 Thusnelda 21 08(20s)fit
----- b 219 Thusnelda 21 40§20s) fit
----- by 219 Thusnelda 21 55(20s) fit
----- b 219 Thusnelda 22 2320s) fit
----- b 219 Thusnelda 22 36{20s) fit
----- b 219 Thusnelda 22 56{20s) fit
----- b 219 Thusnelda 23 13(20s) fit

----- b 219 Thusnelda 23 2320s)fit

Then click Go. MaxIm DL will start stacking and a stacked image will show up. Save the
stacked image.

(6) Export JPEG file from FITS:

In printing out your images, you may need export your images from FITS to JPEG. In MaxIm
DL, go to File -> Save As. Choose JPEG Images in Save as type. Check Auto Stretch. Then
click Save.
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