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Net Force Screen

Investigate the difference between balanced and unbalanced forces as pullers compete in a tug-of-war
for a cart of candy.

PaeHodelicmeyrow,asi cuna

Uccnedylime pasHuyy mex0y CKOMNEHCUPOBaHHbIMU U HE CKOMMEHCUPOB8aHHbIMU cunamu, kozoa
cunayu copesHyromcs 8 rnepemsiaueaHuu kaHama 8 bopbbe 3a mesiexKy KoHgem.
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Motion Screen

Explore the forces at work when pushing a refrigerator, crate, or person. Create an applied force and see
how it makes objects move.

HeuxeHue

Uccnedyume curnbl, delicmayroujue rnpu morsidke xono0urnbHUKa, auuka unu yemogeka. Coszdalime
MPUIIOXKEHHYIO CUY U MOCMOmMpuUme, Kak oHa 3acmasrsisiem o6bekmbl 08u2ambCs.
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Friction Screen
Create an applied force to push various objects, and adjust the amount of the amount of friction and see
how it affects their motion.

TpeHue

Cos0atime npunoxeHHyto cuny, 4Ymobbl mosikamb pasfudHble npedmemsi, U ompeaynupyime
8€/IUYUHY Ko/lu4decmea mpeHusi U MocCMompume, Kak 3mo e/iusiem Ha ux 08UXXeHue.
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Acceleration Screen
Investigate the relationship between the net force, acceleration, and speed.
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Uccnedylime 83aumocesisab Mexady pagHodelcmesyrouwiel cusiol, yCKOPEeHUEeM U CKOPOCMbIO.
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Insights into Student Use
- Whenever there is a net force, the cart on the Net Force screen will accelerate. If more pullers are
added after the motion is started, students may have to run some tests to understand that the motion

was already happening. This might be a great teaching moment around “An object at rest stays at rest
Rouinfar & Paul, December 2017
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and an object in motion stays in motion unless acted upon by an external force.”
« Students may have some difficulty understanding why adding mass in the frictionless environment
doesn’t change the motion.

3ampyOHeHus1 y4eHUKoe

 Bcskul pa3s, koeda 803HUKaem pasHodelicmeyrowjasi curna, mersiexka Ha aKkpaHe
«PasHoOelicmeyrowas» yckopsiemcs. Ecnu nocne Havyana dsuxeHusi dobaerisemcs cuna, ydau,uecs,
803MOXHO, Mo2ym bbimb 03adayeHsbl, 1oka He rnotimym 00HY 8aXXHY0 8elb. IMmMo Moxem bbimb
gesiukul oby4qarowuti MOMeHm, 4Ymo “rioKosiujeecss mesio ocmaemcs 8 rokoe, a 08UXyuw,eecsi mersio
npodosmkaem O8UXeHuUe, ecriu Ha Heao He delicmeyem eHeWHss cuna.”

* Y yyeHUKO8 MO2ym 803HUKHYMb HEKOMOPbLIE MPYOHOCMU C MOHUMaHUEM Mo20, no4yemy
dobasrnieHue maccol 8 cpede be3 mpeHus He USMeHsiem O8UXEHUS.

Model Simplifications

« The pullers and pushers are used to embody the applied force, but are somewhat “magical” as they
don’t require friction between the ground and their feet to apply a force. One could also imagine the
pullers and pushers being propelled in a way does not require pushing against the ground, such as
rocket power or by an electromagnetic rail in the ground (like a maglev train).

« The size of the pullers on the Net Force screen is proportional to the amount of force
they apply (small =50 N, medium =100 N, large = 150 N) and the game of tug-of-war %
will end when the cart hits the stopper on the ground. . - -

= The purpose of the skateboard on the Motion screen is to indicate that the system is
frictionless. Changing mass does not affect the speed of the objects. We assume that an object
dropped on an already moving object is in the same reference frame so that they are already both
moving the same speed.

= The Friction slider on the Friction and Acceleration screen controls the coefficient of static friction.
When overcoming the static threshold, the object begins to move, and the magnitude of the frictional
force reduces by 25% to simulate that the coefficient of kinetic friction is less than the coefficient of
static friction.

» The pusheris meant to help students make sense of how force is applied. As the
applied force increases, the pusher leans forward. The maximum speed the
pusher can reach is 20.0 m/s. At this point the pusher will fall, and the applied
force slider will disable to prevent acceleration in the direction of motion.

- If the mass of the object or applied force acting on the object is changed while the simis paused, the
acceleration in the system will not change until the sim isunpaused.

Honywerus, npuHsimbie e Mmodenu

* Cunayqu ucrosnb3yromcs 0518 80rMI0WEeHUs NPUIOXeHHOU CuUslbl, HO A8/ISI0MCS HECKOJIbKO

“mazudeckumu’, NockosbKy oHU He mpebyrom mpeHus Mexoy 3emrnel u Hozamu, Ymobbl MPUMEHUMb

cuny. MoxHo makxe npedcmasums cebe, Ymo cunadu d8uxxymcsi makum obpa3om, Ymobbl He

mpebosgasniocb mosikame 3eMJI0, Harpumep, peakmueHoU sHepauel unu 3rekmpomagHUmHbIM
peibcoM 8 3emrie (Kak rnoesd Ha Ma2HUMHOU rnooO8ecKe).

* Paamep cunada Ha akpaHe «PasHoOelicmeyrowiasi» npornopuuoHasieH eesiuqyuHe npunazaemoul umu

cunel (Manbit = 50 H, cpedHut = 100 H, 6onbwot = 150 H), a uepa e nepemsieusaHue kaHama

3aKoH4Yumcs, ko20a mesiexka yodapumcsi 0 Cmoriop Ha 3emrie.

* Llenb cketimbopda Ha aKpaHe «[euxxeHuey - nokasamsb, Ymo cucmema He UMeem mpeHUs.

U3meHeHue macchbl He sriusiem Ha ckopocmb mersi. Mbi npednonazaem, 4mo mersio,

bpoweHHoe Ha yxe d8uXyu,eecsi mesio, mak 4mo OoHuU oba yxxe 08uXXymcsi ¢ 0OUHaKo80U CKOPOCMbIO.

* [Non3yHOK mpeHUsi Ha aKpaHax « TpeHue» u « YckopeHuey yrnpagnsgem Ko3¢ghuyueHmomMm mpeHusi

rnokosi. [Npu npeodoneHuu cmamu4ecKo20 rnopo2a mesio HayuHaem 08u2ambCs, U 8elU4UHa Curlbl
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mpeHusi ymeHbwaemcsi Ha 25%, 4mobbl umMumupo8amae, 4mMo KO3¢hhuyueHmM mpeHusi CKOJIbXeHUs
MeHbWe KoaghuyueHma mpeHUs NoKos.

* Cunay npedHasHayeH 0511 moao, 4Ymobbl MOMOYb yYeHUKaM MOHAMb, KaK npumeHsiemcs cuna. 1o
Mepe yg8esnuyYeHUs rnpuioXeHHOU cuslbl cusiady HakrnoHsemcs ereped. MakcumarbHass CKopocmb,
Komopyro Moxem pa3sume cunad, cocmassssem 20,0 m/c. B amom momeHm morsikamersb yradem, u
MPUsIoXXeHHas cusa nonsyHKka omka4umcs, Ymobbl npedomepamumb YCKOpeHuUe 8 HarpasrieHuu
O0BUXXEHUS.

» Ecniu macca mena unu rpursioxeHHas cuna, dedcmeyrowjasi Ha mersio, U3MeHsIemcsi 80 8peMsi ray3bl
cumMmyrnsamopa, yCKopeHue 8 cucmeme He uameHUmMcsi 00 mex riop, rnoka cumysnsamop He 6ydem cHImM ¢
naysbl.

Complex Controls

If an applied force is created by using the slider or dragging the pusher, the force Applied Force

will return to zero upon release. Toapply a sustained force, use the arrow buttons (<J(<) 100 Newtons [ ][]
next to the readout. The single arrow button adjusts the force by 1N, and the 500 0 500
double arrow adjusts the force by 50 N. £

CnoxHocmu ynpaesneHust

Ecnu npunoxeHHas cuna co30aemcs ¢ noMoWwbto ron3yHKa uniu nepemackugaHus cuniada, mo npu
omrycKaHuu cusa eosspawaemcs K Hymo. Ymobb! npumMeHUms NoOCMOosiIHHOE ycurue, Ucrnosb3ytme
KHOIKU co cmpesikamu psidom ¢ uHOukamopoMm. KHorka ¢ 0OHoU cmperikou peaynupyem ycunue Ha 1
H, a deoliHasi cmpernka - Ha 50 H.

Suggestions for Use

Sample Challenge Prompts

- What factors determine which team of pullers will win in a game of tug-of-war? When the cart moves
are the forces balanced or unbalanced?

- In africtionless environment, use the applied force slider to push an object. Predict what the net force
on the object will be once the pusher lets go. What happens to the net force and the speed when the
pusher lets go? What happens to the speed if you add another object?

= Once an object is in motion, what can you do to slow it down or stop it?

- How do the friction force and applied force compare before and after the object is in motion? Are these
forces balanced or unbalanced? Predict the net force.

» Determine the mass of the mystery item.

« Investigate the relationship between the acceleration, net force, and mass.

See all published activities for Forces and Motion: Basics here.

For more tips on using PhET sims with your students, see Tips for Using PhET.

PekomeHOayuu rno npuMeHeHUuro

lMpumepHbie 3adaHusi

* Kakue ¢ghakmopbi onpedernsiom, kakasi KomaHda curaqyel eblugpaem 8 nepemsiaueaHuu kaHama?
Koz0a menexka 08uxxemcsi, Cusbl ypasHOBEWEHbI UflU HE CKOMIMEHCUPOB8aHbI?

* B cpede be3 mpeHus ucrnonb3yltime ros3yHOK rnpurioxeHHoU curibi 0511 mosrkaHusi obbekma.
CnpoeHosupytme, kakoga 6ydem pe3ynbmupyrowas cuna, koeda cusay omnycmum meso. Ymo
npoucxodum ¢ pe3ynbmupytouweli cusol u ckopocmeio, ko2da cusiad omrnyckaem mesio? Ymo
rnpou3solidem co ckopocmabio, ecriu 8bl 0obasume euwje 00HO meso?

* Kak mornbko mersio Haxooumecs 8 08UXeHUU, YmMOo 8bl MOXXeme coeslamb, Ymobbl 3amednnums Usu
ocmaHosume e20?

» Kak coomHocsmcs cuna mpeHusi U rpusioxeHHas cuna 0o u rnocre Hadvana 08uxeHusi mena?
Hensromces U 3mu curibl CKOMIEHCUPOBaHHbIMU USTU HE CKOMeHcuposaHHbIMU? [Tpedcka3amb
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pasHodelcmeaytouwyto cusy.
* Onpedenume maccy Heu3gecmHo20 mersa.
* Uccriedyltime e3aumMocesizb MexX0y ycKopeHueM, pasHoOelcmeytowieu cusiou u maccod.
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