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About 31 GPS satellites orbit Earth at roughly 12,000 miles (12,300 km) above the surlace, constantly sending radio
signals to your phione fo calculate your location.
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ARTICLE

How Your Phone Actua@,
Knows Where You Are

A Tiny Blue Dot With a Big Story

You open a map app, and within seconds, a
blue dot appears — right where you're

standing. Your phone confidently tells yo
the nearestburito place 15,3 ANAWP3PGPS satellites orbit Earth at roughly

2900 miles (19,300 km) above the surface,

. . Onstantly sending radio signals to your phone to
how does a device in_you y calculate your location.

# \

iles (510 million square kilometers)? The a

i n
? es, Einstein's theory of relativity, and a surpaisi ‘
frastructure working together in milliseconds. 6?

kilometers) away. But paus

Sig@ Space: How GPS Works
Sgstands for Global Positioning System, and it relies on a constell@tio about

31 satellites orbiting Earth at roughly 12,000 miles (19,300 kilometers) above the
surface. These satellites are not just floating up there — they are constantly

broadcasting radio wave signals that travel at the speed of light toward Earth.

receives these signals and measures something critical: how long h

to arrive. Since radio waves travel at a known speed (approxi

nd, or 300,000 kilometers per second), your “
way each satellite is. This is similar to how im
\ W understorm is by counting the seconds between{@ lightn sh
Q\G.\ﬁder — except GPS does it with invisible w n em ion®

Why Four Satellites?

~
Here is where analysis becomes esse nésat \‘s you a sphere of

possible locations — you could be an re on ace of that sphere. A second

satellite narrows it to a circle where twg sp intersect. A third satellite narrows
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$gpossible point (usually one
0

ur phone's internal clock.

Ol

it to just two points. The fourth satell in
floating in space) and also corrects for 0
iminates a layer of uncertainty. This

Notice the pattern: each additional s ite
process is called trilateration, and $§,igthe mathematical backbone of every location

ping your phone sends.

Einstein Steps In

Here is a detail that surprises most people: GPS would not work without Einstein's

theories of relativity. Examine how two o forces create this problem.

Satellites move fast — about 8,70
which causes their clocks todickisli
relativity). But they are a &'

tick slightly fast elativi The®e two effects partially cancel each other, \
but not comgple ngin @‘:count for a net difference of about 38 e

micr ounds tiny, but at the speed of light, 38 mic

o) d 0 a location error of about 7 miles (11 kilom ?‘
Wit t rel i corrections, GPS would be useless — a powerful exam of hcgg
absv s directly shapes everyday technology. >

\cﬁen Satellites Aren't Enough: Cell Towers and Wi-Fi C

GPS signals struggle indoors, in dense urban areas, or when your view of the sky is

r 0 kilometers per hour) —
locks on Earth (special

s gravity, which causes their clocks to

blocked. This is where your phone switches strategies. It cross-references signals

from nearby cell towers and Wi-Fi networks to estimate your location — a method
called assisted GPS (A-GPS). Cell towers are less precise than satellites, but t
regpo r andgivork in more environments. Wi-Fi networks, especialdgt ith
0 C in databases, can pinpoint you within a fe d
\ rs c \ c 0
‘@ﬁ—} these three methods side by side: d \ 2
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Method Accuracy 66 orks Indoors? Speed
GPS Satellites ~3-5 meters (~10-16 fee P Rarely Slower
Cell Towers ~100-300 meters (-@) eet) Yes Fast

Wi-Fi Networks ~15-40 meters (~50-130 feet) Yes Fast

Differentiating among these methods reveals a clear trade-off: greater accuracy
generally requires clearer satellite access, while speed and indoor reliability favor

tower and Wi-Fi signals. Your phone constan@ly examines which combination gives

the most reliable result, then blends er intalligently.
The Privacy Questio 1 Gnigg

e
algula Q;tl , it potentially shares that data — with
S i
¢ :

ments. Examine this carefully: your phone
Ing (navigation, emergency services) and i

Every time your p

apps, advertis
is, in a 1
b

lo

evice you carry voluntarily. Differentiating

sh tracking you 24/7 without clear reason) is an imp

liter. ill. gerstanding the technology helps you make informed choi
}c riy@cy settings. C»

Conclusion: Invisible Waves, Visible Dot

That blue dot on your map is the result of radio waves racing from space,
mathematical trilateration, relativistic physics, and a network of towers and routers

filling in gaps. Breaking down this system — comparing its parts, examining_its

d tracing the relationships between physics and everyday ex —
e%ves, data, and infrastructure are woven into if8. “
technology in your pocket is the first step tﬂ‘i is Co

e l ‘

9""‘6@
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| Lesson Objective C»p

In this lesson, you will investigate how GPS and related

technologies use radio wave signals to determine
location. You will break down the system into its key

to compare the trade-offs betw

Your phone blends signals from
satellites, cell towers, and Wi-Fi
networks — each with different

accuracy ranges — to find the most
reliable location estimate. \
Waves and Their
1gital Tools for Learning; TEKS §126.7(c)(2)( ‘

methods and explain how,
behavior connect to

01N e
v%l: Students will analyze how wave properties and multiple d w&

B
6 gether within GPS technology to produce accurate location info

Explanation: Analyzing requires students to break a system into its components,
examine how those parts relate to each other, and identify patterns or trade-offs. In this
lesson, students do exactly that by comparing GPS satellites, cell towers, and Wi-Fi
signals, and by tracing how wave speed and timing create the mathematical foundation

o e

W2 !
gg‘\c $6®C
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| Application Questions (,»F '

Read each question carefully, use evidence from the article to support your

thinking, and write a complete response.

1. The article explains that GPS requires sign@s from at least four satellites to

determine your location. Analyze why nal satellite is necessary — what

> a 1 en if your phone could only

a 111'1:8 you versus what two or three satellites tell
\ ach step, and how does the fourth satellite play a

2

specific problem does each one s
receive signals from two sa

Think about: Think t
you. What kin
different

e

2. Compare the three location methods described in the article — GPS satellites, cell
towers, and Wi-Fi networks. Analyze the trade-offs between accuracy and reliability, and

explain which combination of methods would be most useful for someone trying to
navigate ifi8ide a large shopping mall versus someone hiking in an open field.
i : Look he comparison table in the article. What does each method
? How might the environment (indoors vs. outdoors@ o
\ \‘ ’ 2
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3. The article states that without Eins he tivity, GPS would produce
location errors of about 7 miles (11 Kkilo

how this example supports or
challenges the idea that abstract scientifig th s have real-world importance. What
does this tell you about the relations een physics and the technology you use
every day?

Think about: Consider what 'abstract' means — something that seems purely theoretical or

disconnected from everyday life. How does the GPS example change or confirm that idea? What
might happen to other technologies if scientists had ignored relativity?

®

3\
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E : DATA TABLE & ANALYSIS

| Data Table & Analysis (‘»P

Study the data table below, which compares the three location-detection methods
used by smartphones. Then answer the three analysis questions using evidence

from the table and what you have learned in this lesson.

Experiment: This data set com
location: GPS satellites, cellLt i s. The values for accuracy,

indoor functionality, andfieSpan
on how phones ing\ge
Works
d

Qma Accuracy
TS) Indoors? (N/
c' (feet) (feet)

(meters) A)

Gi 3-5 10-16 Rarely
Ge OWers 100-300 330-980 Yes
Wi-Fi Networks 15-40 50-130 Yes Fast

1. Analyze the trade-off between accuracy and indoor reliability shown in the table.
Which method is most accurate outdoors, and why does that same method struggle

indoors?

data from the table to support your answer. I a
*
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as i hods. In what situations

eb at evidence from the table

Ol

2. Compare cell towers and Wi-Fi net

would Wi-Fi be a better choice than cell
supports your reasoning?

3. A GPS satellite clock error of 38
miles (11 kilometers). Based o e table, explain why correcting

for this relativistic clock e
to everyday navigati thi8 c

6o

®

3\
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| Hypothesis Builder C»P

Read the context below carefully. Then complete each component to build a
scientific hypothesis about GPS signal accuracy. Use evidence from what you know

about waves, satellites, and location technology to guide your responses.

A student wants to investigate h

detect affects the accuracy of ti i e takes her phone to an open
field and records the log@ti phone's reported position is
from her actual ﬂkh onegonnects to different numbers of
satellites. Sh ts é% e spot multiple times to check her results.

Whatis the
the v riaw

r the student is deliberately changing in this investigat
is controlling across each trial.

I Dependent Variable

What i tudent measuring or observing as a result of changing the indepenien

t %e is she recording in her data? “
\ \C ® \ \C 2

3
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Write the 'If' part of your hypothesis by s irP hange is being made to the
iPh t

independent variable. Begin your rescv he word 'If..."

will happen to the

e word 'Then...'

Then
Write the 'Then' part of your hypoth in
dependent variable as a result \€ou po t
Q\ \‘ ) A \
e' part of your hypothesis by explaining the scientific reaso &
tion. Use what you know about trilateration and how satellites cv
1 e-..l

inty to support your answer. Begin your response with the word

\$§3\°‘“
X

ol

C
o™
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| Claim-Evidence-Reasoni

Read the phenomenon below carefully. Then complete each component of the
Claim-Evidence-Reasoning (CER) framework by responding to the guiding prompt.
Your responses should demonstrate that you can analyze how wave properties and

technology work together in GPS systems.

d notices that her phone's

Phenomenon: A student is_hi ¢ Q

GPS blue dot is jumpin d owilig ocation as being 50 meters away

from where she i stamgi heg she steps into a clearing with an open \
£

a
1 e y stabilizes and accurately shows her true
w

view of the s b
Positi% ccuracy changed so dramatically just by movi'$ ‘
| mg 6

t»lhe phenomenon, make a claim: Why did the GPS accuracy impla the
S

nt moved from the dense forest into the open clearing? State your cl in one or

two complete sentences.

© 2026 Bohmi | For your classroom use only. Page 12
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%he article that support your claim.
w many satellites are needed, and/or

| Evidence

Provide at least two specific pieces of eviden
Include details about how GPS signal
how different location methods comp

accuracy.

Reasoning

%tgroevidence to your claim. How do the

th l\ ?trilateration explain why the number of \
cation accuracy? Use what you know about

ur answer. % ?‘

Explain the scientific

properties of r

oSs

\W2 !
A

S
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| Primary Source Analysit%&

Read the primary source excerpt below carefully. Then answer the four analysis
questions that follow. Use evidence from the source and your knowledge of waves

and technology to support your responses.

ellite Navigation System for

¢oo orbiting satellites, each

to Earth. Receivers on the ground —

Civilian Use [Government Me
The system we propose wi

broadcasting preci
whether carrj ntually ordinary citizens — will measure

the tim on and reception of these signals. Because
; ? and constant speed, this elapsed time can b
i istance. By receiving signals from multiple sate 6?

‘

eceiver can calculate its position on the surface of the th wit

curacy. We anticipate that civilian applications will eventuall 1ncF
n for automobiles, ships, and personal devices. However, we n

t the system's clocks will require ongoing correction to account forricffects of
both velocity and gravitational variation on timekeeping, as predicted by Einstein's

theories. Without such corrections, accumulated timing errors would render the

system unreliable within hours of operation.
— Adapted from internal U.S. Department of Defense planning documents regarding the

tioning System (GPS), circa 1973

cument, and what was their purpose in writing i

d @ \ e \I\
@n U.S. Department of Defense influence what in ' he so
O P

@}‘e‘?‘\
2

c\f"‘
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2. This document was written around du lﬁgy development of GPS. What
f

do you know about the historical and sciémki
why the government was investing in élﬁ gation technology at this time?

this period that helps explain

[Context]

it n sa &e signals from multiple

th@ au say about the role of radio wave

3. According to the documen
satellites rather than just
speed in calculatin
described in th

oesghls connect to the concept of trilateration

N\

4. The document warns that Einstein's theories must be applied to correct timing errors
in the satellite clocks. How does this claim compare to what the article explains about
relativistic corrections in GPS? Do the two sources agree, and what does this tell you

about the i]iability of each source? [Corroboration] !
\ \‘ .O

3
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| Case Study C»p

Read the scenario below carefully. Then answer all three questions using what you
have learned about GPS, waves, and location technology. Write your answers in

complete sentences and use evidence from the scenario and the lesson to support

&mily At the trailhead, her

accurate to within about 4

your thinking.

Scenario: Marisol is hiking.in'
1

map app shows her exa

meters (13 feet)
on both side

epeg 1nto a narrow canyon with tall rock walls

il

s ] g around erratically, sometimes placing \

rs %ﬁtual position. Her phone shows only two Gv

? e usual four or more. There are no Wi-Fi net ‘

c& overage is extremely weak in the canyon. Mariso 6?
19 cience class that GPS uses radio waves broadcast from i 56

orhiti ut 12,000 miles above Earth. She also recalls that her phone blen

e, cell tower, and Wi-Fi signals to determine location. Frustrate sh‘

d
¢
onders why her phone was so accurate at the trailhead but is now struggling
inside the canyon. Her dad suggests turning on airplane mode to save battery, but

lu

Marisol thinks that might make things even worse. She decides to analyze the
situation before changing any settings.

h

y Marisol's GPS accuracy dropped so significantly once she ente t
h%(now about how satellites, radio waves, and tril 0 &
the problem. 0
\ \‘ , 2
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2. At the trailhead, Marisol's phone w di gt wer, and Wi-Fi signals.
Compare these three location methods i rh

which method or methods her phone v
inside the canyon. é

airpl de. Analyze whether this would help or
x il ur reasoning using evidence
from the lesson. co
d\ \‘ ; *

65

acy and reliability, and explain
ely relying on at the trailhead versus

3. Marisol's dad suggests turning on

hurt her location accuracy inside

®

3\
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| Multiple Choice C»P

Read each question carefully and choose the best answer (A, B, C, or D). Use what
you have learned about GPS, waves, and location technology to dndl\ ze each

situation.

1. A GPS satellite sends a radio wave . Your phone measures how

long the signal takes to arrive. s makes this time

measurement useful for cal

A. Radio waves

@a&n@eed so travel time can be converted

into distanc

?dm

e 10 waves bounce off the ground before reaching your phone, cn@
easurable echo.

2. With signals from only one GPS satellite, your phone can determine that you are

y depending on how far they travel, revealin

weaker over distance, and your phone measures th gnal

d distance.

somewhere on the surface of a large sphere. What does receiving a signal from a second

satellite all@w your phone to do?
your @kact location with no remaining uncertainty.
ossible location to a circle where two spheres i

C(@t errors in your phone's internal clock.

oe

termine your altitude above sea level.

L%

© 2026 Bohmi | For your classroom use only. Page 18
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3. Why is a fourth GPS satellite neces
your location to just two points?

A. The fourth satellite boosts the gv&gth of the other three satellites.
b

B. The fourth satellite provides a up in case one of the other satellites fails.

- Aadl
e gﬁli es have already narrowed

C. The fourth satellite eliminates the impossible location point and corrects for clock
errors in your phone.

D. The fourth satellite measures your speed so the map app can give accurate

directions.

4. GPS satellites orbit Earth at
roughly 8,700 miles per h
problem that engin S

e surface and travel at
, how do these two facts create a

\C N
?\mir signals cannot reach phones on the grou
h
u corw Pg
‘ CM

ere.
satellites travel too fast to stay in a stable orbit, so they must c@ fire
ngines to stay on course.

peed and distance from Earth's gravity cause th
erent rates than clocks on Earth, creating location erro

D. The satellites are so far away that their radio wave signals take several minutes to
reach Earth, making real-time location impossible.

A
Q-
"

3

\@3\0‘“
X
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5. The article states that without relat co t% would produce location
errors of about 7 miles per day. What do h'§ est illustrate about the
)

relationship between physics and tec

}&
A. Abstract scientific theories can direct, practical consequences for everyday
technology.

B. GPS technology was invented specifically to test Einstein's theories of relativity.

C. Modern smartphones are powerful enough to automatically correct for all physics-

based errors.
D. Satellites must be replaced frequent use relativity causes them to wear out
faster. g o

es AW andagi networks as location methods. Which \
0 y? the article's comparison table?
Fl%

6. Compare GPS s
conclusion is b

AW WO
sand

e best choice for location because they work

ell t
Ca Gr

re ity favors towers and Wi-Fi.

the most accurate method and should be used whenev

iocation accuracy generally requires clearer satellite access, whi

D. GPS satellites are the fastest method and should always be used when speed is
important.

7. A student is inside a large shopping mall and notices that her map app still shows her
location ad@urately, even though she cannot see the sky. Which combination of

i08lis mosffllikely responsible for this?
@*ﬂ relativistic clock corrections working toggthei
ers and nearby Wi-Fi networks providing locatio 9&1
C. The phone's internal compass and accel t lculat @ﬂon from her
last known location. %
p Sggl ting her position.

c\""

© 2026 Bohmi | For your classroom use only. Page 20
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i ckbone" of GPS. Based on
1on requires signals from

8. The article describes trilateration a
the article, which statement best explain
multiple satellites rather than just one?

A. Each additional satellite signal Qnates a layer of location uncertainty,
progressively narrowing the possible position.

B. Multiple satellites are needed because each satellite only covers a small region of
Earth's surface.

C. Each satellite measures a different wavegroperty, and combining them gives a

D. Multiple satellites are requi S0 a &nal can always reach your
erfere C
(s N\
9. The article c ion data privacy. Which reasoning best

tamdin technology works is important for making pai
ec ‘> ?‘
ow S works allows you to disable satellites that are trac your 6
phéne P
Q erstanding the technology helps you recognize when location s@» seful

rsus invasive, enabling informed choices about your privacy settings.

complete picture of your location.

phone without int

explains
d

C. Learning about GPS proves that all location tracking is harmful and should be
turned off completely.

D. Understanding GPS technology allows you to block cell tower signals from

% © RN\
GO X2

3
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10. A GPS system that ignores relativi ec mulate about 38

microseconds of clock error per day. Analgze
a large location error of approximate

all time difference causes such

lif ile
A. The error grows because satelll ust recalculate their positions thousands of
times per day, multiplying the small mistake.

B. Because radio waves travel at the speed of light, even a tiny time error translates
into a very large distance error.

C. The error is large because 38 microsecoglfls is actually a very long time compared

to how fast phones process data.

D. The location error grows b se

assist the GPS signal. I \

N

\C
\",
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| True / False C»P

Read each statement carefully. Decide whether the statement is True (T) or False

(F) based on what you have learned about GPS, waves, and location technology.

at trav? at the speed of light toward
.

Write T or F for each item.

Earth.

O True O False

2. A phone onl

Earth's
f using overlapping spheres of distance from multiple satellites t

o8 S

ine location is called trilateration. C

Q

True O False

4. Because GPS satellites move fast and are far from Earth's gravity, their clocks run at
exactly the same rate as clocks on Earth.

$&ily clock error in GPS satellites could cause 1@ 0 “
L
& i 6. GPS satellite signals are more reliable in

Q \C

d 1%\%35 than cell
is‘«*?

W

© 2026 Bohmi | For your classroom use only. Page 23
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O X
esgcation, sometimes with

ate

O True ¢ False C»i

8. Cell towers provide greater location accuracy than GPS satellites but are slower to

s@ to GPF systems in order for them to

® \
10. Understan w a Qechnology work can help people make more

informe io t tl@ ital privacy settings.

Q WS c,("

@

7. Wi-Fi networks can be used to help

accuracy within a few meters indoors.

respond.

O True O False

9. Einstein's theories of relativity mu
function accurately in everyday u

O True O False

\ §3\°‘“
W

S
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| Vocabulary C»P

Review each vocabulary term and its definition below. These words are key to
understanding how GPS and wave-based technologies work. As you read, look for
these terms in the lesson article and think about how each concept connects to the

others.

GPS (Global Positioning Sy

A navigation system that u
precise location of a
Explain in your €

ity electromagnetic wave that travels at the speed of light and is us@d b
ites to send location signals to devices on Earth.

c@:u iting Earth to determine the
® \

99?‘

Explain in your own words:

gcess that uses distance measurements from a
0 exact location on Earth. !

© 2026 Bohmi | For your classroom use only. Page 25
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& Satellite ?pe

An object that orbits Earth and, in the caS®o 5 %nuously broadcasts radio wave
signals used to determine location.
Explain in your own words:

Special relativity
Einstein's theory explaining that obje

more slowly than objects that ar io
Explain in your own words:l \ co

Gﬁsvg’?’\’

in'sath laining that gravity affects the passage of time, causing @ec

eeds experience time slightly

rth's surface to tick slightly faster.

your own words: ‘ »

Assisted@&GPS (A-GPS)

t comhines GPS satellite signals with data from cell towers an
cation accuracy, especially indoors.
\ la words: \

00‘“
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Ground-based structures that transmit angPre@gi Ee!ess signals, and can be used to

estimate a phone's location when GPS '% weak.
Explain in your own words: c

Frequency
The number of wave cycles that pass

properties of the wave such as h X

t per sﬁond, which determines
Explain in your own words: \ c
6\‘ \O \

6""‘

: &%
Ho 0S8 a ed or calculated value is to the true value, such as how pEégi
GPSgyst identify your real location.

@1 your own words: ‘ »

\€§3\°‘“
X

ol

C
o™
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| Exit Ticket (I»

Answer both questions below in 1-2 s

today's lesson to support your answers.

1. GPS requires signals from at least four satellites to determine your location. Analyze
why each additional satellite is necess does ?ch one eliminate or correct?
\C =
& , cell towers, and Wi-Fi networks to find your lo

en these three methods: which is most accura? h E ?

N\
‘

\\2 .
3\
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HOW GPS WORKS

4) TRILATER.

TRILATERATION

YOUR
, POSITION

About 31 GPS satellites orbit Earth at roughly 12,000 miles (19,300 km) above the surface,
constantly sending radio signals to your phone to calculate your location.
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GPS SATELLITE
. (~20,200 km)

CELL TOWER
(~0.5~10 km)

B e P ——
T R

@ g

&8 wi-r1 RoUTER
# (-10-50m)

Your phone blends signals from satellites, cell towers, and Wi-Fi networks — each with different
accuracy ranges — to find the most reliable location estimate.

o
oy
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ACROSS ‘ V OWN

3. The number of wave cycles that pass a given point per 1. Einstein's theory explaining that gravity affects the passage
second, which determines properties of the wave such as of time, causing clocks farther from Earth's surface to tick
how far it can travel. slightly faster.

4. Atype of electromagnetic wave that travels at the speed of 2. How close a measured or calculated value is to the true value,
light and is used by GPS satellites to send location signals such as how precisely a GPS system can identify your real
to devices on Earth. location.

9. An object that orbits Earth and, in the case of GPS, Einstein's theory explaining that objects moving at high

continuously broadcasts radio wave signals used to peeds experience time slightly more slowly than objects that
determine location. e statio

6.

ombines GPS satellite signals with data from
and Wi-Fi networks to improve location accuracy,

6 ially indoors.
\‘ e’ A mathematical process that uses distance measurements \

from at least three satellites to calculate an exact locatio
% Earth.
8. Ground-based structures that transmit and re
P signals, and can be used to estimate a 1

6? GPS signals are weak.
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Special relativity

General relativity
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Radio waves
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