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The Projectile Data Lab simulation allows students to engage in hands-on data collection and analysis
through the context of projectile motion.
CumynsTop Projectile Data Lab no3sonseT y4yeHnkam 3aHnmaTbCca COOpPOM M aHanNM30oM AaHHbIX MpK

OBWXXEeHUN CHapdaa npu BbiCTpesie noa yriom K ropu3oHTy C eCTeCTBEHHbIM pa3JjieToOM nonagaHum no
3aKOHY CﬂyanIHbIX 4yuncern.

/I3yuyeHune gaHHbIX CTPenbObl

Variability Screen (9kpaH Bapnauumn)

Launch projectiles with different orientations and mystery launchers, and investigate the resulting
distributions of speed, angle, and distance. Measure flight time and range with realistic uncertainty.
3anyckante cHapsabl NOA PasnMYHbIMK yrnamMmmn U pasHbIMU MYyCKOBLIMM YCTAaHOBKaMn 1 nccrnegynte
pe3ynbTaT pacnpeneneHns ckopocTu, yrna n ganbHoctn. iamepsiite Bpems noneta n AanbHOCTb Kak
B peanbHOCTW.

Projectile Data Lab
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*) LleHTpanbHble npeaenbHble TeopeMbl (LIMNT) — knacc Teopem B TeOpun BEPOATHOCTEN, YTBEPXKAAIOLLNX, YTO CyMMa
[0CTaTo4HO BonbLIOro kKonnyecTea crabo 3aBUCUMbIX CIyYalHbIX BEMWUYMH, UMEIOLLUX NPUMEPHO OAMHAKOBbIE MacLUTabbI
(H1 ogHO M3 cnaraeMbix HE JOMUHUPYET, HE BHOCUT B CyMMY OMpeAensioLLero Bknaaa), UMeeT pacnpegenenve, bnmskoe K

HOpMalibHOMY.

HopmanbHoe pacnpegerneHuve, Takke HasbiBaeMoe pacnpegerneHvem [laycca unu Naycca — Jlannaca, wnu
KorokornoobpasHas KpuBas — HenpepbiBHOE pacnpeneneHne BEpOSATHOCTEN C MMKOM B LIEHTPE Y CUMMETPUYHBIMU

OOKOBLIMW CTOPOHaMM.



Sources Screen (9KpaH NCTOUYHMKOB)

Use the custom launcher to see how physical properties of the apparatus affect the variability of speed
and angle. See how the combination of these affects the resulting distribution of distances.

Mcnonb3yinte nonb3oBaTenbCKyto NyLKY (NPYXUHY, CXaTbll BO34yX, B3pbIB), YTOObLI YBUAETL, KakK ee
dun3nyeckme CBOMCTBAa BNUSAIOT HA N3MEHEHNEe CKOPOCTU M yrna HaknoHa. lNocmoTpuTte, kak
coyeTaHue 3TuUX PakTOpOB BIIMSIET HA UTOrOBOE pacnpeaeneHue pacCcToOAHNUN.
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Measures Screen (9KkpaH nsmepeHun)

Compare the mystery launchers to the custom launcher and investigate how each one is configured.
Display the mean and standard deviation of distance. Use the interval tool to see the portion of data that

falls within a given range.

CpaBHI/ITe pa3Hble NyCKoBble YCTAaHOBKA C NCXOOHOWN U BbISICHUTE, KaK OHU HaCTPOEHbI. OTO6pa3I/ITe
cpegHee 3HavyeHne 1 ctaHaapTHOEe OTKITOHEHUNE PaCCTOAHUA. |/|CI'IOJ'Ib3yIZTe MHCTPYMEHT MHTepBaJ'I,
4TOObI yBUOETb YaCTb AaHHbLIX, KOTOPad nonagaet B 3aJaHHbI gManasoH.
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Sampling Screen (9KkpaH o6pa3uoB)
Collect samples of different sizes and examine their distribution of means. Explore how different launch
parameters create a variety of distributions as you watch the Central Limit Theorem come to life.

CobepuTte BbIOOPKM pa3HOro pasmepa v U3yunte UX cpeaHee pacnpeaeneHuve. ViccnegyiTe, kak
pasnuyHble NapameTpbl 3amnycka co3aaloT pasnuyHbie pacnpeaeneHus, Habnoaas, kak NnpossnaeT
cebs LleHTpanbHas npeaensHasa Teopema.
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Complex Controls

= The stopwatch automatically launches a projectile when started and needs to be manually stopped.

= The field sign shows projectile type, launcher, and orientation for the highlighted projectile on the field.

= On the Measures screen, the interval tool displays the portion of data within its range. Its location and
width can be changed by dragging its central panel or edge handles, respectively.

AnemMeHTbl ynpasneHus

» CekyHOOMep aBTOMATUYECKUN 3anyckaeT cHapsaa nNpu 3anycke U He MOXET OblTb OCTaHOBIEH

BPYYHYIO.

* Ha kapTuHke nons otobpaxkaeTcs TUN cHapsaa, NyckoBas YCTaHOBKA U OPUEHTaUNA BblAENEeHHOro

cHapsida Ha norne.

» Ha akpaHe namepeHuin MHCTpYMeHT NHTepBan oTobpaxkaeT YyacTb AaHHbIX B Npeaenax

AOoMNyCTMMOro AnManasoHa. Ero pacnonoxeHue u WMpHY MOXHO M3MEHUTb, NepeTackmBas MapKepbl

LeHTparnbHOM NaHernm unum Kpaee COOTBETCTBEHHO.

Model Simplifications

= Air resistance is ignored in this sim. Differences between trajectories are entirely due to the initial speed
and angle of launched projectiles.
= Launch speed and launch angle are randomly generated from normal distributions as described below:
= The launch mechanism (spring, pressure, explosion) affects the mean and standard deviation of the
distribution of launch speeds.
= The type of projectile affects each mechanism’s mean launch speed. This is meant to incorporate the
role of each projectile’s mass on the ability of the launcher to accelerate it.
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= The orientation affects the mean launch angle and initial height.

= The angle stability determines the standard deviation of the launch angle.
= Launch angles cannot be above 90° for any orientation, or below 0° when launching from ground level.
= On the Variability, Sources, and Measures screens, the maximum number of projectiles per field is 500.
= On the Sampling screen, the maximum number of samples per field is 200 (regardless of sample size).

YnpoweHua moaenu
* B aTOM cumynatope He yunTbiBaeTcsl CONpOTUBNEHNE BO3ayXa. Pasnuuna mexay Tpaektopnusamm
MOMHOCTbLIO 0BYCNOBMNEHbI HAYaNbHOM CKOPOCTbLIO U YIIOM MOneTa BbiNyLEHHbIX CHApSA0B.
« CKOpOCTb U yron 3anycka onpegensiTcs cnyvarHbim o6pa3oM Ha OCHOBE HOpMarnbHOro
pacnpeaeneHuns, Kak OonmcaHo Huxe:
» MexaHu3m 3anycka (NpyxuHa, cXkaTbll BO34yX, B3pbIB) BUAET Ha CpeaHee 3HavYeHne n
CTaHOapTHOE OTKMOHEeHne pacnpeneneHnsi CKOpoCcTen 3anycka.
» Tun cHapsga BNUSiET Ha CPEeAHIO CKOPOCTb 3arnycka KaXaoro MexaHuama. 3To o3HavaeT, 4YTo
Macca Kaxgoro cHapsga BnusieT Ha CnoCOBHOCTb NYCKOBOMW YCTAaHOBKU YCKOPATb €ro.
* Yron HaknoHa (orientation) BnMseT Ha cpeHUI yron 3anycka 1 HayanbHYH BbICOTY.
» CTabunbHOCTL yrna onpegenseT cTaHgapTHOE OTKIOHEHME yria 3anycka.
* Ykl 3anycka He MoryT 6bI1Tb Bbiwe 90° npu ntodon opneHTaumm n Hxe 0° Npu 3anycke C ypoBHS
3emnu.
* Ha Bcex akpaHax MakcMmMarnbHOe KONM4eCcTBO CHapsiAoB Ha nose pasHo 500.
» Ha akpaHe Sampling Screen makcumarnbHoe KonmyecTBo obpasuos Ha none pasHo 200 (He3aBUCMMO
OT pa3mepa BbIOOPKN).

Insights into Student Use

= Students should be encouraged to separate their data using the field buttons located under the field.

= Unless prompted, students may not notice they can scroll through collected data using the field sign.
This can be helpful in determining if a student has combined data from different launch configurations.

= Students may not realize that the sim can be run at normal or fast speed.

= For faster data collection, use ‘Continuous’ mode.

» The field sign can be used to scroll through projectiles and highlight their paths, making it easier to
measure range or maximum height. With sound on, you can ‘hear' the distribution by scrolling quickly.

« The button in the top-right corner of the histogram will play an audio representation of the distribution.
See how this changes based on the data and bin width.

» The ‘Auto-Generate Data’ option in the Preferences menu allows for instant creation of a full data set,
to help students analyze distributions more quickly.

PekomMeHAaLMM No MCNOSIb3OBaHUIO yYyalMMUCS

« CnegyeT pekoMeHAoBaTh y4alUMCs pasaensiTe CBOM AaHHble, UCNONb3ysi KHOMKWU BBOAA,
pacroroXeHHbIe Noa nornem.

» Ecnu He BygeT cCOOTBETCTBYIOLLErO 3anpoca, yYalmnecs MoryT He 3aMeTUTb, YTO OHU MOTyT
npocmaTpuBaTb COOpaHHbIE AaHHbIE, UCMONb3YyH 3Ha4oK Field. 3To MoXeT NnoMoYb onpeaenuTb,
00beanHUN N yyawmnnca gaHHble U3 pasHbixX KOHGUrypauum 3anycka.

* Yyalumecsi MoryT He MOHNMaTb, YTO CUMYNATOP MOXeT paboTaTb kak Ha OObIYHOW, Tak U Ha BbICOKOWN
CKOPOCTH.

* [Ina yckopeHusa cbopa AaHHbIX UCMOMb3YNTE HENPEPLIBHBIN PEXNM.
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« 3Hayok Field MoXxHO Mcnonb3oBaTh Ans NPOKPYTKU CNMCKa CHapsiA0B U BblAeNeHnst TpaeKkTopuin nx
noneTa, YTo ynpowaeT U3MepeHne AanbHOCTM noneTa UM MakcumarnbHOW BbiCOThl. Mpy BKMOYEHHOM
3BYKe Bbl MOXeTe "ycnbllaTh" pacnpeaeneHune noneta, 6bICTPO NPOKpyYMBas ero.

* KHorka B npaBOM BEpPXHEM Yriy rMctorpaMmbl BOCMPOU3BOANUT 3BYKOBOE NpeacTaBneHne
pacnpegerneHust. llocMoTpuTe, Kak OHO MEHSIETCA B 3aBMCUMOCTU OT AAHHbIX U LUNPUHbBI A4YENKN.
» Onuusa "ABTOMaTUYeCKOE co3gaHme AaHHbIX" B MEHIO HACTPOEK NO3BONAET MIHOBEHHO CO3a4aTb
NOJSIHbIM HABOp AaHHbIX, YTOOLI MOMOYb y4aluMMcs ObICTpee aHanM3npoBaTb pacnpeneneHns.

Suggestions for Use

Sample Challenge Prompts

- Compare the uncertainty in measuring the range for the three types of projectiles.

« Rank the launchers from least to most precise. Explain how you made your ranking.

« What is the launch mechanism (spring, pressure, explosion) used for each mystery launcher? Justify
your answers with evidence from the simulation.

« Describe any similarities or differences between using an orientation of 30 degrees vs 60 degrees.

- How much data falls within one standard deviation of the mean? How does this number change as the
sample size increases?

« Describe the relationship between the sample size and the distribution of sample means. Explain the
reason for this relationship in your own words.

PekomeHpaumm no ncnosib30BaHUIO

Moackasky No BbIMOSHEHUIO 3afaHuUsA

» CpaBHUTE NOrpeLlHOCTb N3MEPEHNS AanbHOCTU CTPeNnbObl ANA Tpex TUMOB CHapAao0B.

» OueHuTe NycKoBble YCTAHOBKM OT HAMMEHee TOYHbIX 40 Hanbonee ToYHbIX. O6bACHUTE, KaK Bbl
COCTaBUIIN CBOW PENTUHT.

» Kakon mexaHn3m 3anycka (NpyxuHa, cxaTbli BO34yX, B3pbIB) MCNOSb3YeTCsA AN KaX40N HEU3BECTHON
MyCKOBOW YCTaHOBKU? ApryMeHTUpynTe CBOU OTBEThI pe3ynbTaTaMu MOAENMpoOBaHuUS.

» OnuwKnTEe BCE CXOACTBA MW pasnuuus mexay yrnamm Boictpena B 30 rpagycos u 60 rpagycos
COOTBETCTBEHHO.

» CKOMbKO AaHHbIX YKnaablBaeTcsa B O4HO CTaHAAPTHOE OTKITOHEHWE OT cpefHero 3HavyeHna? Kak
MEHSIETCA 3TO YMCIIO C yBeNnMYeHMeM obbema BbIOOpPKM?

» ONUwWMTE B3aMMOCBA3b MeXay pasMepoM BbIOOPKU U pacnpeneneHmeM cpeaHuX 3HadeHnn BblI6OpKU.
O6bAcHUTE NPUYMHY 3TON B3aMMOCBA3WN CBOMMU CIIOBaMM.
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Customization Options

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

For example, in Projectile Data Lab, if you only want to include the 1st and 2nd screens (screens=1, 2),

with the 2nd screen open by default (initialScreen=2) use:
https://phet.colorado.edu/sims/html/projectile-data-lab/latest/projectile-data-lab_all.html?screens=1,2&initialScreen=2

To run this in Spanish (Locale=es), the URL would become:
https://phet.colorado.edu/sims/html/projectile-data-lab/latest/projectile-data-lab_all.html?locale=es&screens=1,2&initial Screen=2

£33 Indicates this customization can be accessed from the Preferences menu within the simulation.

Query Parameter and Description Example Links

2 projectileTypeAffectsSpeed - determines projectileTypelAffectsSpeed=false
whether the type of projectile affects the mean launch
speed. Default is true.

€3 autoGenerateData - makes it so the launch autoGenerateData=true
button generates a full data data. Defaultis false.

3 showStandardError - determines whether the showStandardError=true
standard error of the mean can be displayed on the
Measures screen. Defaultis false.

®histogramBins - the histogram can represent histogramBins=totalBins
data based on the width of the bin or by the total
number of bins on the field. Default is binWidth.

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

@ launchSound -the launch sound canrepresent  launchSound=angle
either the initial speed or angle of the projectile, or
can be turned off with none. Default is speed.

@playLandingSound - causes a sound to play playLandingSound=false
when a projectile lands. Default is true.

# locale - specify the language of the simulation ~ 1ocale-es (Spanish)
using ISO 639-1 codes. Available locales are listed at 1ocale=fr (French)
the simulation page on the Translations tab. Note: this

only works if the simulation URL ends in “_all.html”.

allowLinks -when false, disables linksthattake allowlLinks=false
students to an external URL. Default is true.

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

See all published activities for Projectile Data Lab here.
For more tips on using PhET sims with your students, see Tips for Using PhET.
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	Variability Screen (Экран вариаций)
	Sources Screen (Экран источников)
	Measures Screen (Экран измерений)
	Sampling Screen (Экран образцов)
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	Упрощения модели
	• В этом симуляторе не учитывается сопротивление воздуха. Различия между траекториями полностью обусловлены начальной скоростью и углом полета выпущенных снарядов.
	• Скорость и угол запуска определяются случайным образом на основе нормального распределения, как описано ниже:
	• Механизм запуска (пружина, сжатый воздух, взрыв) влияет на среднее значение и стандартное отклонение распределения скоростей запуска.
	• Тип снаряда влияет на среднюю скорость запуска каждого механизма. Это означает, что масса каждого снаряда влияет на способность пусковой установки ускорять его.
	• Угол наклона (orientation) влияет на средний угол запуска и начальную высоту.
	• Стабильность угла определяет стандартное отклонение угла запуска.
	• Углы запуска не могут быть выше 90  при любой ориентации и ниже 0  при запуске с уровня земли.
	• На всех экранах максимальное количество снарядов на поле равно 500.
	• На экране Sampling Screen максимальное количество образцов на поле равно 200 (независимо от размера выборки).
	Insights into Student Use
	Рекомендации по использованию учащимися
	• Следует рекомендовать учащимся разделять свои данные, используя кнопки ввода, расположенные под полем.
	• Если не будет соответствующего запроса, учащиеся могут не заметить, что они могут просматривать собранные данные, используя значок Field. Это может помочь определить, объединил ли учащийся данные из разных конфигураций запуска.
	• Учащиеся могут не понимать, что симулятор может работать как на обычной, так и на высокой скорости.
	• Для ускорения сбора данных используйте непрерывный режим.
	• Значок Field можно использовать для прокрутки списка снарядов и выделения траекторий их полета, что упрощает измерение дальности полета или максимальной высоты. При включенном звуке вы можете "услышать" распределение полета, быстро прокручивая его.
	• Кнопка в правом верхнем углу гистограммы воспроизводит звуковое представление распределения. Посмотрите, как оно меняется в зависимости от данных и ширины ячейки.
	• Опция "Автоматическое создание данных" в меню настроек позволяет мгновенно создать полный набор данных, чтобы помочь учащимся быстрее анализировать распределения.
	Suggestions for Use
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