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LUNAR SURFACE INSTRUMENTATION

Instructional Objectives

Students will
e add, subtract, and resolve displacement and velocity vectors to
determine components of a vector along two specified, mutually
perpendicular axes; and
o determine the net displacement of a particle or the location of a
particle relative to another.

Degree of Difficulty
This problem is a straightforward application of vector concepts.

e For the average AP Physics student, the problem may be
moderately difficult.

Background

This problem is part of a series of problems that apply math and science
principles to human space exploration at NASA.

Exploration provides the foundation of our knowledge, technology,
resources, and inspiration. It seeks answers to fundamental questions
about our existence, responds to recent discoveries and puts in place
revolutionary techniques and capabilities to inspire our nation, the world,
and the next generation. Through NASA, we touch the unknown, we learn
and we understand. As we take our first steps toward sustaining a human
presence in the solar system, we can look forward to far-off visions of the
past becoming realities of the future.

Outpost concepts are now being designed and studied by engineers,
scientists, and sociologists to facilitate long-duration human missions to
the surface of the Moon or other planetary bodies (Figure 1). Such
outposts will include habitat modules, laboratory modules, power
systems, transportation, life support systems, protection from the
environment, communications for planetary surface operations, and
communications back to Earth.

During past and current space missions, astronaut activity outside of the
vehicle (e.g. space shuttle) is referred to as an extravehicular activity, or
EVA. In a similar way, extrahabitat activities, or EHA, will be performed
during a mission to accomplish exploration work. One EHA may be to
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place environmental sensors and instruments within the proximity of an outpost (Figure 2).

g P~

Figure 1: Habitat, airlock, and vehicles (NASA concept) Figure 2: Astronaut services a surface instrument
(NASA concept)

Such instruments may measure the radiation received from solar flares or characterize micrometeorites
impacting the surface. Telescopes may also be set up for observations of Earth, other planets, and
stars.

AP Course Topics
Newtonian Mechanics

¢ Kinematics:
0 Vectors, coordinate systems.
o Motions in two dimensions.

NSES Science Standards

Science and Technology
Abilities of Technological Design
e Implement a proposed solution.

e Evaluate the solution and its consequences.
¢ Communicate the problem, process, and solution.

History and Nature of Science
Science as a Human Endeavour

¢ Individuals and teams have contributed and will continue to contribute to the scientific
enterprise.

Problem and Solution Key (One Approach)

Students are given the following problem information within the TI-Nspire™ document, Lunar Surface
Instrumentation.tns. The questions are embedded within the TI-Nspire™ document.

An astronaut services three instruments on the relatively flat lunar surface around an equatorial lunar
outpost. She starts at the lunar habitat airlock and walks 180 meters southwest to replace the sample
cell in the first instrument. She then walks 140 meters due north to add a lens to a second instrument.
She finishes the task by walking 100 meters 30 degrees north of east where she resets the pointing of
a third instrument. The astronaut walks directly back to the same habitat airlock and reenters the
habitat module. Using a Cartesian coordinate system with the x-axis pointed east and y-axis pointed
north, determine the following information for her EHA. Round all answers to one decimal place.
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A. Determine the astronaut’s displacement vector (distance and direction) from the airlock when
she is standing at each instrument. Include a sketch of the path taken by the astronaut.

Step 1: Sketch the path taken by the astronaut.
Place the coordinate system origin at the airlock door.

Instrument #3

Instrument #2

Habitat

140 meters
7
&

Instrument #1

Figure 3: Locations of the lunar surface instruments

Students are also given instructions on creating this path within the TI-Nspire™ document.

drzl1z]14» *unarsud..-10 w il x| Aal75]16|» *Lunarsud. -10w Feil] x|
A Part 1 To create a vector 180 m long in the SW

Use the coordinate plane on the following direction.

page {or on a seperate paper) to create the 1. Add the text 120

path taken by the astronaut on her EHA. Let
the origin be located at the habitat airlock
door,

2. Select circle tool click on the origin and the
180 to set the radius,

3. Draw A vector along the x—axis in the west

Detailed instructions to create this are dirction to intersect the circle.

provided on pages 1.6-1.7.
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151617 |» *Lunarsut..-10 w el A1 a 5 > Munarsut.-10 - il x|
A
Rotate the vectar to the appropriate position 180 sl L
4, Select the text tool and enter the angle, in 20
this case 45, 4
5. Select the transfer tool and rotation. /2‘7 .
-360 20 180
&, Click on the vector you would like rotated,
then the point to rotate around and then the 140
angle of rotation.
, 100
» -180

Step 2: Determine the (X, y) components of each leg of the trip.

First Leg:
x =180c0s(225°) =-127.3m
y =180sin(225°) = -127.3m
Second Leg:
X =140c0s(90°) =0.0m
y =140sin(90°) =140.0 m
Third Leg:
X =100c0s(30°) = 86.6 m
y =100sin(30°) =50.0m

Step 3: Determine the (X, y) position of each instrument.

416 | 1.7 I 1.8 |) *Lunar Surf...-10 w

i~

x1:=180-cos(225)
-127.279

y1:=180-sin(225)
-127.279

x2:=140-cos(90)

y2:=140-sin(90)

140. ™

instrument 1
®=-127.3m
y= -127.3m
instrument 2
x=-1273m
yw=12.7 m
instrument 3
= -40.7 m
w=62.7m

1313

52

Sudnested Besnanse:

E

Add successive legs of the trip as vector components.

First leg from the origin to instrument #1.
X =0.0m+(-127.3m) =-127.3m

y =0.0m+(-127.3m) =-127.3m
Instrument #1 location: (-127.3,-127.3)m

Second leg from instrument #1 to instrument #2:
X=-127.3m+0.0m=-127.3m

y =-127.3m+140.0m =12.7m
Instrument #2 location: (-127.312.7)m
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X3 =100-cos(30) Slinstrument 1
266025 ¥=-127.3m
PP y=-127.3m
¥3:=100 51n(30) instrurment 2
SO Ml - 1273 m
iZ=x1+x2 ¥=12.7 m
-127 279 instrument 3
- ¥= -40.7 m
12 =x1+x2 y=62.7 m
-127.279 ~
1313

Sunnested Resnonse:
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Third leg from instrument #2 to instrument #3: ~ 41617 ]1.8 (> *LunarSurt...-10 w a|
k A

X=-127.3 m+86.6 m=-40.7 m iZx=x1+x2 Al instrument 1
-127 276 ¥==127.3m
y =12.7 m+50.0 m=62.7 m : y= =127.3m
. 1y=yl+y2 instrurment 2
Instrument #3 location: ( —40.7,62.7) m 12.7208 =—1273m
i3 =xT+x 243 y=12.7 m
-40 6767 instrument 3
¥= —-40.7 m
ISy =pI+y2+y3 y=62.7 m
62.7208 ™
LR Sunnested BEesnnnse nal

B. Determine the astronaut's displacement (using unit-vector notation) from the airlock when she is
standing at each instrument.

Since the three vectors are from the origin to the three instruments, convert the position (x,y)
values to vector notation using unit vectors.

Instrument #1: ( -127.31-127.3 J) m B. Determine the astronaut's displacement (using

Instrument #2: (_127 3i+12 71) m unit=wvectar notation) from the airlock when she is
’ ) ' standing at each instrument.

p HLunar Surd...-10 w ﬁa

Instrument #3: (—40.7i +62.7j) m

(-127.3 i+ -127.3 im
(=127.31+12.7 hm
(-40.7 i+ 62.7 im

Suggested Response:

|Tj-_-'[IHIJ suggested response here (optional)

C. Determine the astronaut’s displacement from the first instrument and the third instrument.

Step 1: Find the distance between instruments #1 and #3 using the distance formula.

d =\/(y3 _yl)z +(X3 - X1)2 ‘mb *Lunar Surf...-10 w bl x|

dr=—40.7--127.3 @l C. Determine the
d= \/(62.7 —(-127.3))* +(( -40.7) - ( -127.3)) 26 ¢ W] astronaut's

_ displacement from the
d =208.8m dy:=62.7--127.3 first instrument and

190. Wl the third instrument.
d=1’[86.6:|2+1902

d=208.805
i5x—i Jx]

d=2088m
B=245°

8=tan"{ i
| 4/99 |suggested Response:
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Step 2: Find the angle between instruments #1 and #3 using the inverse tangent function.

X, — X 18 1e]110]» *LunarSuf..-10 w ] x|
/O=tan™| =L UY.=0L. =14l .> . -

y3 — y1 C. Determine the

astronaut’s
. (-40.7 —=(-127.3 ’ 86 6 +1902 displacement from the

/60 =tan™ [ ( )j =24.5° first instrurnent and

62.7 - (_127-3) @=208.805 the third instrument.

. r_'-;tf rIx

Instrument #3 is 208.8 m and 24.5 °east of north from 8= mn‘ i3~ ”y
: d=2088m
instrument #1. 9=24.5036 Bl 5-24 5*

| 4/99 Suggested Response:

D. Determine the distance she walked from the third instrument to the habitat airlock.

e 101 11> *LunarSut. -10 w il x|

2 2
d= \/(yo =¥3) + (% = %) dair = Jl0-130 (0 “lo. petermine the  |&
2 2 ’ distance she walked
d= \/(o -62.7)" +(0-(-40.7)) 747562 | | trorm the third

instrument to the

d=74.8m S
habitat airlock.

748 m

Suggested Response:
| 1/99 |T'_-._.-'ps§l suggested

7]

[~

E. Determine the total distance she traveled on her EHA.
First Leg: 180.0 m imb *LgnarSuﬁ...-10 - ﬁw
dintal =180+140+1» =l E. Determine the total |2
Second Leg: 140.0 m 404 8 distance she traveled
Third Leg:  100.0 m - on her EHA.
Fourth Leg: 74.8 m %5 8

Sum of the four individual leg lengths:
d =180.0 +140.0 +100.0 +74.8 =494.8 m

Suggested Response:

Twpe suggested

| 199 Y o ptional)

F. Why is it important to use vector analysis for this solution?

Answers will vary, but should include that vector analysis is an optimum way to graphically
display the location of the instruments and their positions in respect to the airlock.
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Office Strategic Communications and Education

NASA Johnson Space Center

Monica Trevathan
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