Parallax—How Far Is 1t?
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Distant Stars

View from Earth in June

Goals:

e To demonstrate the concept of parallax and how it is related to distance
¢ To show a method that astronomers use to measure astronomical distances

overview:

In this activity from the Project ASTRO Resource Notebook: The Universe at Your
Fingertips, Activity J-2, Parallax—How Far Is It?, students will use a simple device
to measure angles of parallax for objects within the classroom. They will use their
measurements to calculate the distances to those objects.

The activity, as written for Project ASTRO, asks students to calculate the distance to
an object by using a table of factors of baseline distances for a measured parallax
angle. For a more inquiry-oriented and quantitative approach see the Going
Further sections.

Astronomers use this very method to measure the distance to nearby stars. They
use the diameter of Earth’s orbit as their baseline.




[TOOLS OF THE ASTRONOMER

|
PARALLAX—HOW FAR IS IT?

AcTiviTy J-2

GRADE LEVEL: 8-12

Source: Reprinted by permission from PASS (Planetarium Activities for Student Success), Vol. 9
How Big is the Universe? Produced by the Astronomy Education Program of the Lawrence
Hall of Science, University of California, Berkeley. Copyright ©1992 by The Regents of
the University of California. Available through the Eureka! catalog, Lawrence Hall of
Science, University of California, Berkeley, CA 94720-5200; (510) 642-1016.

What's This Activity About?

When we look at stars in the sky, we can
measure how they differ in brightness, but we
cannot easily tell how far away stars are.
Astronomers can use the Earth’s motion around
the Sun to help measure distances to stars by
using parallax, a process similar to the way sur-
veyors measure distances on Earth. Parallax is
the apparent change in position of a nearby
object because of a change in view. When you
hold out your hand and view it with your left
eye only, then with your right eye, your hand
seems to shift relative to the distant back-
ground. Astronomers can measure this apparent
shift in the sky with careful observations made
over six months as the Earth orbits the Sun.

This is a challenging activity for any grade
level, but the geometrical method of determin-

What Will Students Learn?

ing stellar distances via parallax is crucial for
our understanding of the scale of the cosmos
and of stellar evolution. The math for this activ-
ity is not difficult, but success depends upon
good measurement and recording skills.
Trigonometry is not required but can be used
for later grades if desired.

What Will Students Do?

Students measure distances to various targets
inside and outside the classroom and check
their measurements with observations of parallax.

Tips and Suggestions

This activity could be used before or during
a unit about stars, to help students understand
how we know stellar luminosities, radii, and
masses.

Concepts Inquiry Skills Big Ideas
Angles Measuring Scale
Ratios Recording

Calculating
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‘ J-2, Parallax- How Far is It?

Parallax—How Far Is it?

Materials

O Parallax Angle Measurer cutout sheet—scale
piece (1/student + 2 for the teacher;
photocopy master on page 35)

O Distance Measuring worksheet (1/student; master
on page 36)

O 6 to 10 sheets of construction paper, 8Y," x 11",
various colors

O Ruler or 8-1/2" x 11" sheet of paper (1/student)
O Scissors (1/student)

O Push pin (1/student)

O A bit of wine cork, eraser, wood, styrofoam or
other soft material, at least 1 cm thick, for a
push pin to stick into (1/student)

O Five or six tape measures
O 2-3 rolls of tape

O Optional: Overhead projector and 3 sheets of
acetate.

O Optional: Two or three tape measures

Before Class

1. Make one photocopy each of “Angle Measurer”
cutout sheet and “Distance Measuring” worksheet for
cach student. The angle measurer will work best if you
photocopy onto cardstock, though regular paper works
adequately.

2. Cut bits of material that the push pin can be stuck
into. Wine corks, big pencil erasers, or styrofoam can
be sliced up with a sharp kitchen knife into pieces
about 1 cm thick.

3. Assemble a demonstration angle measurer yourself,
following the instructions in step 1 (below).

4. Make 6 to 10 cardboard targets out of different
colored construction paper. The targets can be stick
people figures, cones, or other shapes. Making each
one a different color will allow students to distinguish
them easily. Place the targets among the students’
desks so that the targets extend well above the height
of the desks, 30 cm (a foot) or so. The targets may
be taped onto desks or hung from the ceiling.

5. Optional: Photocopy the cut-out sheet and the
worksheet onto clear acetate for pointing out parts on
an overhead projector.

In Class

1. Tell your students that they are each going to make
a parallax angle measuring tool. Hand out the cut-
out sheets and scissors. Explain the following
steps (pointing out parts on an overhead projector
if you wish):

a. Cut out both pieces along the dashed lines.

b. Fold up all the arrows along the dotted lines:
the reference arrow on the scale piece, and the

©1992 by the Regents of the University of California

target and eye arrows on the pointer piece. A ruler
is helpful here.

c. Stick a pushpin through the “Pushpin” cross
marks on the Pointer piece, the Scale piece, and
then into the cork. The completed Angle Measurer
should appear as in the figure on the cutout sheet
and as your demonstration model. The pointer
piece should be able to sweep along the angles of
the scale piece.

21
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Distance Measuring

Target Parallax ‘]‘DismnFe i{:

Angle 1 Angle Baselines
1€ s 57.3
2 et 28.6

Target S 19.1
Angle 2 8° e 143
5 e 114
— 6° e 9.5

T e 8.1

Parallax Angle S 7.1
O e 6.3
10° e, 5.7

119 e 5.1
3 129 e 4.7
139 e 43
14° e 4.0

Number of

Baselines 15% e 3.7
16° e, 35
17 e 33

Length of >< 18° e 3.1

Baseline
199 e 29
20° e 2.7
Accuracy decreases with larger angles.
Distance to Object

©1992 by the Regents of the University of California
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2. Explain that each student is going to measure the
distance from his or her desk to one of the colored
targets in the room. A distant reference point will
be the vertical line formed by the comer of the
room farthest from the student. Ask each student
to select a colored target object that is not too far
from them, but in the general direction of the
comer of the room that is farthest from them.

3. Have each student make a baseline by taping a ruler
or sheet of paper onto their desks. The baseline
should be roughly perpendicular to the direction
of the target and reference objects.

4. Hand out a “Distance Measuring” worksheet to
each student.

5. Tell them that they are going to measure the angle
between the reference and target objects twice—
one measurement at each end of their baseline.
Explain the following procedure:

(a) Put your Eye Arrow on one end of the baseline.

(b) Line up your Eye Arrow, the Reference Arrow,
and the reference point (farthest comer of the
room). Emphasize that all three elements must line
up as in a gunsight. Once reference comer is lined
up with both the eye arrow and reference arrow,
press the scale piece firmly to the desk with one
hand, so that it does not move.

Corner of Room ﬁ

(Reference Point)

Reference /
Arrow /

(c) Now pivot the Target Arrow until it is in line
with both the Eye Arrow and the colored target
object, whose distance you are trying to measure.
Again emphasize that all three elements must line
up. Be sure you are holding the scale piece down
firmly so that it does not move. Only the Pointer
Piece should pivot.

J-2, Parallax- How Far is It?

(d) Read the “Angle To Target Object” indicated
on the scale and write that angle down on the
worksheet in the space for “Target Angle 1.”

(e) Move your angle measurer to the other end of
your baseline. Then repeat steps (b) and (c) to
measure the 2nd “angle to target object.” Write
that angle down on the worksheet in the space
marked “Target Angle 2.”

6. Draw on the chalkboard as you explain that the

difference between their two measured angles is
the parallax angle. Draw the baseline and the
target object and show how they form a triangle.
Label Target Angle 1 and Target Angle 2. Extend
the sides of the triangle and label the parallax angle
as shown in Figure A. Explain that they can

Parallax Angle

Baseline

Figure A Figure B

calculate the parallax angle by subtracting the
larger angle from the smaller angle.

Optional: Draw a dotted line through the target

parallel to the baseline. Label angle 1 and angle
2, as shown in Figure B. Point out that Target
Angle 1 is the same size as angle 1 and Target
Angle 2 is the same size as angle 2. (In geometry,
these are “corresponding” angles.) Sometimes it is
easier for students to see why the parallax angle
is the difference between angles above the dashed
line than it is for them to see how the parallax
relates to Target Angles drawn on the baseline.

7. Instruct your students to subtract the larger angle

from the smaller angle (interchange the numbers
if necessary) and write the answer in the space
marked “Parallax Angle.”

©1992 by the Regents of the University of California
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8. The distance to the target is the height of the
triangle and can be found in the table on the
worksheet. The table lists distances in “baselines”
so have your students find the distance
corresponding to their parallax angle in the table
and write that distance in the space marked
“Distance in Baselines.”

9. Have the students write in the length of the baseline
in the space marked “Length of Baseline.” If they
used a standard ruler, the baseline is 30 cm. If they
used the length of a standard sheet of paper, the
baseline is 28 cm.

10. Finally, the students can calculate the distance to
their target object by multiplying the “Distance in
Baselines” by the “Length of the Baseline.” Have
them enter the answer in the space marked
“Distance to Target Object.” If you have tape
measures, students can check their answers by
direct measurement.

©1992 by the Regents of the University of California

Going Further

Alternate Calculation Method I

You may opt for students to do a graphical calculation
(draw a scale drawing):

Steps 1-6 above are the same except that in step 4,
do not hand out a “Distance Worksheet.” Have
students record their angles on paper.

7. Use a protractor and ruler to make a scale drawing
of the baseline, Target Angle 1 and Target Angle
2 with appropriate scale, e.g. 1 mm = 1 cm.
Demonstrate this on an overhead transparency if
possible.

8. Find the point where the angles intersect and
measure the scale distance to the object..

Alternate Calculation Method II:

If your students are studying trigonometry, the
Distance to the target (D) is related to the Parallax
angle () and the Baseline (B) by the trigonometric
relationship (tangent), D = B + tan (o).

How Far is That Flagpole?

Your parallax Measurer can be used to find
really far away distances outdoors by measuring off
baselines of several meters or more.

ProJecT ASTRO RESOURCE NOTEBOOK/ASTRONOMICAL SOCIETY OF THE PACIFIC



Going Further (Supplement to Project Astro Activity):
Another alternative approach for this activity would be to have students measure
the parallax angle and directly measure the distance for each object and record the

data in a table (see next page). Then, they should graph the data, plotting parallax
angle as a function of distance.

The students should analyze the graph and determine an approximate functional
dependence for parallax with distance. Then, if the students are studying—or have
studied—trigonometry, have them draw diagrams of the parallax measurements;
and, ask them to use what they know from trigonometry to derive what the actual
functional dependence is:

b = baseline, p = parallax angle, d = distance
tan(p/2) = (b/2)/d
p = 2tan*(b/2d)

Have them plot this function on the same graph as their data and compare their
measurements with the theoretical prediction from geometry.

Note: For this to work properly, the reference point used in the parallax
measurements must be far away and exhibit little parallax itself. Otherwise, the
data will be systematically skewed to lower parallax values. One way to do this is to
place reference targets on the far wall of the classroom and space them apart the
same length as the baseline the students are using. When the students are on one
side of the baseline, they should line up with the reference target on the same side
of the target object (see figure below). It is important that students line up the eye
arrow with either the reference object or target object arrow plus the objects
themselves when making their measurements. To do this, students must keep the
angle measurer fixed in place but move their eye to line up the arrows with the
targets. If they do not move their eye, they will get parallax values systematically
skewed to higher values.

Distance Parallax Angle

Baseline
@ s103(q0 souassy @




modeling the universe

Distance to Object | Parallax Angle




Example Data:

Distance to Object (ft.) Parallax Angle (degrees)

2 58
4 30
6 19
8 15
10 12
12 9
14 8
16 7.5
18 6
20 5
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@® Parallax Angle (degrees) =—Parallax (b = 2 ft.) ‘




