3akoHbl Kennepa

JkpaH lMNepBoro 3akoHa. First Law Screen

Explore and analyze the geometric properties of the planet’s orbit by changing its position and velocity.
VIccne,quTe n aHanmampyVlTe reoMmeTpun4eckume cBoMnCTBa 0p6I/ITbI nnaHeTbl, USMEHAA €€ NOJIOXKEHNE N CKOPOCTb.

ANALYZE the different
eccentricities
MPOAHANN3UPYNTE
pasnuyHble
OKCLUEHTPUCUTETbI

DRAG the planet or velocity
vector to change the orbit
MEPETALWMWTE nnaHeTy
UK BEKTOP CKOPOCTH,
4YTOObI U3MEHUTL OPOUTY

PAUSE and go

STEP BY STEP

for abetter analysis
COENAWTE nayay u
nepexoguTe

LWAFAMW ans ny4wero
aHanusa

c
Eccentricity = —
a

Earth —»

Mercury

Halley —Pi

a=1.42 AU
c=0.71 AU

Kepler's Laws

«~ H

First Law

@ &

m Target Orbit:

™ Foci
& String
O Axes

& Eccentricity

O Always Circular

O Speed (km/s)
& Velocity
O Gravity Force

O Grid
(O Measuring Tape a
O Stopwatch

CHOOSE areal
planet’s orbit to imitate
BbIBEPUTE opbuty
ans uMuTaumm
[OBWKEHUS pearnbHon
nnaHeTbl

OBSERVE

geometrical properties of
ellipses
eomeTpuyeckne
CBOWCTBA 3MnnncoB

MEASURE time and
distances USMEPEHUE
BpPEMEHU N pacCcToAHUA

@ ) 3 g

Btopow 3akoH Kennepa. Second Law Screen
Observe how the movement of the body around the orbit results in sweeping multiple equal areas over
the same intervals of time, even if the areas are different in shape.

MoHabntoganTe, Kak ABWXKEHME Tena no opbute NPUBOAUT K 3aMETaHWUIO paBHbIX NIoWaAen 3a O4HU U Te e NPOMEXYTKU
BpeMeHW, Jaxe ecnu aTn obnacTtu pasnuyatoTcs no dopme.

CHANGE the
number of divisions
N3MEHANTE
KOJTMYECTBO TOYEK

RECOGNIZE
the total area of each regior]
and the time it takes to fil
them

UamepeHne

NnoLuaan Kaxaoro
CeKTopa 1 BpEMEHM,
HeobX0ANMOro Ans ux
3aMeTaHus

COMPARE the time and
total area of each section
CPABHWTE Bpems n
nnowanb Kaxxgoro

CeKTopa
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Period Divisions

[CANCERVEITES
¥ Time Values

Swept Area

~

Area (AU?)

123 4586
Period Divisions

Kepler's Laws

Crar

q}

m ( Apoapsis

(¥ Periapsis

O Always Circular

O Speed (km/s)
& Velocity
& Gravity Force

x102 x10°
Zoom: |_{l: 1

[e—

0.65 AU* I mRer]

O Measuring Tape a
O Stopwatch

« B H G S

Second Law

oD ==

OBSERVE the planet’s
behavior on the furthest
and closest distances
HABJIFOOAWTE 3a
noBeAeHNeM MnaHeTbl Ha
nanbHUX 1 BnmMskmx
PacCTOSIHUSAX OT 3BE3Abl

PLAY the simulation to
see howthe areas are
drawn
BOCMNPOU3BEOUTE
CYMYNSALMIO, YTOObI
yBUAETb, Kak 3aMeTatoTcsl
CeKTonhl




TpeTtnn 3akoH HeroToHa. Third Law Screen
Relate the size of the orbit and the time it takes to complete a full revolution. More specifically, explore how by

changing the powers of the semi-major axis of the orbit and its period you can reach a linear relationship.
CooTHeceHue pa3mepa opbuTbl 1 BpemMeHn, Heobxoaumoro Ans 3aBepLUeHns nonHoro obopota. bonee KOHKpETHO, UccreagymnTe, Kak,
M3MEHSITCA 3HadYeHms 6onbLUIo nonyocu opbuTel U ee nepuoaa.

EXPLORE the numeric
relation of period (T) and
semi-major axis (a)
N3YYUTE oTHOLIEHNE
nepuoga (T) k 6onbLuoW
nonyocwu (a)

DISCOVER the

different graph shapes by
changing the orbit and
powers of aand T
OTKPOWTE ans cebs
pasnuyHble hopMbl
rpacukoB, N3mMeHss
cTeneHv BenuimMH an T

ALTER the orbit by
changing the star’s
mass. W3MEHUTE
opbury, N3MEHB
maccy 3Besfbl

Target Orbit:
[ [ v]

 Semi-majorAxis (a) €D
& Period (T) &

T2 vs a° Graph

6.95 years?

O Always Circular

O Speed (km/s)
& Velocity
O Gravity Force

O Grid
O Measuring Tape

St tch
Star Mass O Stopwatc =B

05 OurSun 15 20
03— 0
Period
0.80 years

e

BN N

Third | aw

& ) B

Kepler's Laws

BUILD the target orbit and
ANALYZE itwith the Tvs a
graph. Beibepute nnaHety
1 NpoaHanuanpywTe ee
opbuTy C NOMOLLBIO
rpachuka T(a).

MEASURE the period of
the orbit

M3MEPEHMWE nepuoga
obpalleHns no opbute

Bce 3akoHbl Kennepa. All Laws Screen
Combine what you have learned and analyze a single orbit through each of Kepler’'s Laws.

O6beanHuTe TO, YTO BbI y3Hanu, n npoaHanM3|/|py|7|Te OOHY 0p6|/|Ty C NOMOLLbKO KaxXao0ro n3 3akoHoB Kennepa.

PRESERVES

the same orbit in each
law. COXPAHEHUE
O[HOW 1 TON e opbuThI
ONSA KaXI0ro 3akoHa

CHANGE the scene
between the different
laws. Bbibepute
npeacTaBneHve ans
Ka)K[oro 3aKoHa.

@ Target Orbit:

c
Eccentricity = : None

Earth —»*
& Foci
O String
™ Axes
& Semiaxes
& Eccentricity

Mercury

Eris &

Nereid —»
O Always Circular

Halloy —b
allay O Speed (km/s)

& Velocity

a=2.02 AU O Gravity Force

b=1.80 AU
¢=0.90 AU

O Grid
& Measuring Tape
(& Stopwatch

[ 4

@ Fast

@ o O o

-
0
@ Slow

B @0 & B

All Laws

D =

Kepler's Laws

MEASURE time and
distances even changing
to another law

M3MEPEHWE BpemeHu
1 paccTosiHuA
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Insights into Student Use

- For a quantitative analysis of the changes in velocity and position throughout
the orbits, students may want to slow down or stop the bodies’ movement
in a specific position. To improve accuracy, use “Slow” (1) and pause and @ o. : ;j::nal
step forward (2) to incrementally analyze. (Note that the step size is smallest [0 Siow |
when “Slow” is selected.)

- At first, the way the orbit changes will seem unintuitive and arbitrary. Try to
get the students to identify how changes in position and velocity (magnitude and direction) alone will
affect the shape. Invite students to match the “Target orbit”, where they will need to modify all variables
that affect an orbit size and shape.

- Students want to build “perfect orbits” (elliptical orbits with a centered axis), and itis hard for them to
discover that they need to play with the velocity direction.

« Encourage students to find many of the different possible shapes: small orbits, big ones, highly
elliptical, circular, or even forbidden orbits (escape and crash).

TpyaHocTH ANS NOHUMaHUSA U UCNOSb30BaHNA yYalMMUCA

* [N KONUYECTBEHHOIO aHanM3a U3MeHeHUI CKOPOCTU U NOSOXEHUS Ha BceX opbutax
yyalimecsa MoryT 3axoTeTb 3aMeannTb UM OCTaHOBUTL ABWXEHWE Ter B onpeaerieHHOM
nonoxeHuun. [ns nobiWeHNs TOYHOCTU ucnonb3dynte “MeanerHHo” (1) n "naysa v war snepeq”
(2) ansa noatanHoro aHanuaa. (O6paTuTe BHUMaHWE, YTO pa3Mep Liara HaMMEHbLUNIN, ecnn
Bbl6paHo 3HayeHue “MegneHHo”.)

* [oHauany cnocob nameHeHus opbuTbl ByaeT kasaTbCsd HEMHTYUTUBHBLIM U NPOU3BOSbHbIM.
[MonpocuTe yyawmxcs onpeaenntb, Kak UISMEHEHMUS NMONOXEHUSA N CKOPOCTU (BEMUYUHBI U
HanpasreHus) camu no cebe NoBNUAT Ha popmy. NpeanoxuTe yyawmmcs conocTaBmTb
“‘LleneByto opbuTy (Target orbit)”, rae nm Hy>xHO ByaeT n3aMeHUTb BCe NepeMeHHble, BNnsLLme
Ha pa3mep n hopmMy opouUTHI.

* Yyawmecs 4acto XOTAT CTPOUTL “‘naeanbHble opbutbl” (annuntuyeckme opbuTtobl ¢
LEeHTPUPOBaAHHOW OCbI0), HO UM TPYOHO MOHSATb, YTO AN 3TOM0 UM HYXXHO uUrpaTb C
HanpaBrieHMeM CKOPOCTW.

* [MpeanoxuTe y4awmMmcsa HaMTN MHOXECTBO PasfNYHbIX BO3MOXHbIX (DOPM: MarieHbK1e
opbuUThLI, BonbLUME, CUMNBHO SNNUNTUYECKME, KPYTTIble UNn Aaxe 3anpeLleHHble opobuTsl (nober
N KpyLLueHue).

Complex Controls

- Each time that the planet's position or velocity is modified, a new state is saved.
This state can be restored with the Restart Button.

- When the planet is in a position or velocity that generates a crashing or escape
trajectory, the play buttons are deactivated to prevent the reproduction of the planet's movement.

< Once the user reaches an escape trajectory by dragging the planet, is not possible to continue moving

it farther away from the sun. It is necessary first to change the velocity to return to an elliptical orbit and
after that, is possible to continue moving the planer farther from the sun.

HeouyeBuaHble 3fIeMEHTbI ynpaBneHus

« Kaxgbin pa3, Korga W3MeHAeTCA MNOJIOXKEHNe WM CKOPOCTb MIaHeTbl, COXpaHAETCA HOBOE
COCTOSIHME. DTO COCTOSIHME MOXKHO BOCCTAHOBUTL C MOMOLLbKO KHOMKN nepesanycka.
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« Korma nnaHeTa TaK, 4TO co3JdaeTcs TpPaeKkTopusi CTOSIKHOBEHMSI MMM yxoda, KHOMKU
BOCMNPOM3BEAEHNSI OTKIIOYAOTCsl, YTOObI NpegoTBpaTUTh BOCNPOU3BEAEHNE ABWKEHWUS NNAHETHI.

« Kak Tonbko nonb3oBaTenb OOCTUraeT TpaekTopuu OTxXoAa, NepeTackuBasi NiaHeTy, HEBO3MOXXHO
npogorkaTtb nepemelLaTb ee Aanblue oT conHua. CHayana Heo6xoAMMO M3MEHUTb CKOPOCTb, YTOObI
BEPHYTbCSA Ha JMnUNTUYECKYld OpbWUTYy, M Mocne 3TOro MOXHO MPOAOIHKUTL OBWXKEHMEe nnaHepa
Aanblue OT ConHua.

Model Simplifications

Size of Bodies

The size of the bodies are greatly exaggerated, as using the same scale for distances and sizes would
render all bodies as invisible points. For example, the real solar radius is about 0.004 AU, but in the sim it
is displayed as 0.15 AU. Additionally, typical gravitational systems usually have enormous distances
between bodies, even when measured in AUs, but most of the sim pre-sets show them in the same
range of ~5AU in size.

Areas
The elliptical areas are calculated and displayed as AU2 to demonstrate the equality of those areas. In

real-life examples of Kepler's Laws, the areas are rarely calculated, and when they are, AUZ? is not really
the best unit to use.

Parabolic Trajectories
When bodies reach escape speed in real life, their orbit becomes an escape parabola (or hyperbola if the

velocity is higher). However, in the sim, the velocity will stop exactly before escape speed, thus displaying
a highly elliptical trajectory, almost a parabola. This is done to avoid the orbit calculations from breaking
down and having to smoothly change shapes from ellipse to parabola.

More information about the Model of the simulation can be found here.

yrlpOLI.IeHI/IiI, NMPUHATbLIE B MoAenu

Pa3mep Ten

Pa3mepbl Ten cunbHO NpeyBenuyeHbl, Tak Kak MCNonb3oBaHWe O4HOMO U TOro e MmacwTtaba Ana pacCTosHUA K
pa3mepoB Ten caenano Obl Bce Tena HeBUANMbIMW ToYKaMn. Hanpumep, peanbHbii CONMHEYHbIN paganyc
coctasnseT okono 0,004 a.e., HO B cumynaTope oH oTobpakaeTcs kak 0,15 a.e. Kpome TOro, TunuyHble
rpaBUTaALNOHHBbIE CUCTEMbI OOBIYHO MMEKOT OFPOMHbBIE PACCTOSAHUA MexXay Tenamu, gaxe ecriv U3MepsTb Ux B
a.e., HoO BONbLMHCTBO NpeABapUTENbHbIX HACTPOEK CUMYNATOPA NOKa3bIBalOT UX B TOM XXe Anana3oHe pasMepos
~5a.e.

CekTopbl

AnnunTuyeckme o6nacTy BbIYUCNSAIOTCS U 0TOBpaXKarTCs Kak a.e.2, YTobbl NPOAEMOHCTPMPOBAaTL PABEHCTBO
aTux obnacten. B peanbHbIX NnpuMepax 3akoHOB Kennepa nnoLwagun Bbl4MCNATCA peako, a Korga Bbl4MCAATCS,
a.e.? Ha camoMm Jerne He camas nyJllas eaMHMLa U3MepeHnst Ans UCMonb30BaHUS.

Mapabonuyeckne TpaekTropumn

Korga Tena gocturatoT ckopocTu yberaHms B peanbHOM XU3HK, nx opbuta ctaHoBuTcs napabonon yberaHus
(vnn runep6onon, ecnmn ckopocTb Bbilwe). OgHAKO B CUMYMSITOPE CKOPOCTb OCTAHOBUTCSA TOYHO Nepen CKOPOCTbIO
yberaHus, Takum obpasom, oTobpaxkas CUIMbHO ANAMNTUYECKYO TPAeKToputo, NoYTK napabony. 310 caenaHo Ans
TOro, YTO6bI M36exaTb cboeB B pacyeTax opbutbl 1 HE06XO0ANMMOCTM NABHOrO N3MeHeHNs bopmbl OT annunca K
napabone.

Lopez, Vallejo and Rouinfar, September 2023



Customization Options

Query parameters allow for customization of the simulation, and can be added by appending a 2" to the
sim URL, and separating each query parameter with a ‘s’. The general URL pattern is:
..html?queryParameterl&queryParameter2&queryParameter3

For example, if you only want to show the 2nd screen (screens=2), and disable pan and zoom

(supportsPanAndZoom=false) Use:
https://phet.colorado.edu/sims/html/keplers-laws/latest/keplers-laws_all.html?screens=2&supportsPanAndZoom=false

To run this in Spanish (Locale=es), the URL would become:
https://phet.colorado.edu/sims/html/keplers-laws/latest/keplers-laws_all.html?locale=es&screens=2&supportsPanAndZoom=false

3 Indicates this customization can be accessed from the Preferences menu within the simulation.

Query Parameter and Description Example Links

screens - specifies which screens are includedin  screens=1
the sim and their order. Each screen should be

separated by a comma. For more information, visit ~Screens=2, 1
the Help Center.

initialScreen - opens the sim directly to the initialScreen=1
specified screen, bypassing the home screen. initialScreen=2

@ locale - specify the language of the simulation  1ocale=es (Spanish)
using ISO 639-1 codes. Available locales canbe  1ocale=fr (French)
found on the simulation page on the Translations

tab. Note: this only works if the simulation URL

ends in “_all.html”.

B colorProfile - changes simulation colors for colorProfile=projector
easier projection.

audio -if muted, audio is muted by default. If audio=muted
disabled, all audio is permanently turned off. audio=disabled

allowLinks - when false, disables links that allowLinks=false
take students to an external URL. Defaultis true.

supportsPanAndZoom - when false, disables supportsPanAndZoom=false
panning and zooming using pinch-to-zoom or
browser zoom controls. Default is true.

Suggestions for Use

Sample Challenge Prompts

- |dentify all the variables that affect the shape and size of an orbit.

- With the Target Orbit selector, try to mimic real-life orbits. What combination of position and velocity
achieves those trajectories?

e Try to reach the highest eccentricity possible without reaching an escape orbit (dashed line). What
does eccentricity mean?
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- Measure the speed at which the body would escape. Is it the same for every position?

« In the Third Law Screen, what combination of powers will make the graph a straight line? You have to
create multiple orbits first to see the line.

« In the Third Law Screen, build three different orbits with a=2 AU. What is the period of each orbit?
What do you observe?

PekomeHaaLmMu no UCnosnb3oBaHUIO

Mpumepbl 3agaHnn

» OnpegenuTe BCe NepeMeHHble, BrvsioLme Ha hopMy 1 pasmep opouTbl.

» C nomoLbio cenekTopa Leneson opbuTtbl Nonpodynte MMMTUPOBaTL pearibHble opbuThl. Kakas
KOMBUHaUUSA NONOXEHNA N CKOPOCTU NO3BOSISIET JOCTMYb 3TUX TPAEKTOPUnN?

* [MocTapanTtecb 4OCTUYb MaKCUMasribHO BO3MOXHOIO 3KCLIEHTPUCUTETA, HE BbIXOOS Ha BbIXOAHYHO
opbuTy (NYHKTMPHaA NMHKS). YTO 03HaYaeT SKCLEHTPUYHOCTL?

* IamepbTe CKOPOCTb, C KOTOPOM TENO MOrfo 6bl yneTeTb. ATO OAHO U TO Xe ANS KaXaon
nosnuum?

» Ha akpaHe "TpeTun 3akoH" Kakas KOMBUHaUMa cTeneHen caenaeT rpaduk NpsaMon NNHNEn?
CHavana Bbl JOMKHbI CO34aTb HECKOSTbKO OpOUT, YTOObLI YBUAETH NIUHUIO.

» Ha akpaHe "TpeTun 3akoH" nocTponTe Tpu pasHbie opbuTthbl ¢ a=2 a.e. Kakos nepuopg
obpalueHnsa no kaxgon opbute? Yto Bbl HabNgaeTe?

Inclusive Features

Sound and Sonification

» The acceleration of the orbiting planet is mapped to its volume.

- When changing the shape of the orbit, there is a sound related to the size of the semi-major axis, and
a vibrato tone related to the eccentricity.

« In the Second Law Screen, to better indicate that the areas are covered in equal time intervals, a
metronome sound plays when a new area is reached.

See the simulation page for all supported inclusive features.

See all published activities for Kepler's Law here.
For more tips on using PhET sims with your students, see Tips for Using PhET.

JononHutenbHble PYHKUUN

3BYK 1 coHndmkaumsa

* YCcKopeHue nnaHeTsl, BpawatroLencsa no opbute, conoctaBnaeTcsa ¢ ee 06bLEMOM.

* [Mpn nameHeHnn popmbl OpbUTLI pasgaeTca 3BYK, CBA3AHHbIN C pa3mepoM 60MbLION NoMyocu, U
BNBpaTO, CBA3AHHOE C AKCLEHTPUCUTETOM.

» Ha akpaHe BTOpOro 3akoHa, 4ToObl fy4lle nokasaTtb, 4TO 061acTu NPOMAEHbLI 3a paBHbIE NPOMEXYTKU
BPEMEHWN, NPY AOCTUXKEHUN HOBOM 06MacTn BOCNPOM3BOAUTCS 3BYK METPOHOMA.

CmoTpuTe CTpaHULy MoaenupoBaHns Ansa nonyvyeHns nHgopmawmm 060 Bcex noaaepKuBaemblx
BKIMHOYEHHbIX PYHKLMSX.
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