2026 MCAS Sample Student Work and Scoring Guide

High School Introductory Physics
Question 42: Constructed-Response

Reporting Category: Motion, Forces, and Interactions
Practice Category: Mathematics and Data

Standard: HS.PHY.2.2 - Use mathematical representations to show that the total momentum of
a system of interacting objects is conserved when there is no net force on the system.

Item Description: Determine the momentum of a system and explain the reasoning, calculate
the momentum and velocity of one of the blocks in the system, and describe how energy is
conserved in the system.

This item can be found in the released item sets on the MCAS Resource Center.

Scoring Guide

Select a score point in the table below to view the sample student response.

Score* Description
The response demonstrates a thorough understanding of conservation of
4A momentum and energy. The response correctly determines the momentum of the
— system before and after the spring is released and clearly explains the reasoning.
4B The response correctly calculates the momentum of the 10 kg block and the
— velocity of the 5 kg block. The response also clearly describes how energy is
conserved when the spring is released.
3 The response demonstrates a general understanding of conservation of
= momentum and energy.
2 The response demonstrates a limited understanding of conservation of momentum
= and energy.
1 The response demonstrates a minimal understanding of conservation of
- momentum and energy.
0 The response is incorrect or contains some correct work that is irrelevant to the
= skill or concept being measured.

*Letters are used to distinguish between sample student responses that earned the same score (e.g., 4A and 4B).


https://www.doe.mass.edu/frameworks/search/Map.aspx?ST_CODE=Sci.HS.PHY.2.02
https://mcas.onlinehelp.cognia.org/released-items/
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Question Introduction

This question has four parts.

A spring is compressed between a 10 kg block and a 5 kg block that are at rest on a
frictionless surface. Then the spring is released. The diagrams show the two-black system
before and after the spring is released.

Before Spring Is Released

Spring

v=0m/s v =0 m/s

After Spring Is Released
Spring

v=4m/s y

«— 10 kg
Jes, 12

Il
J
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Score Point 4A
Part A

Determine the momentum of the system before and after the spring is released. Explain your reasoning using the law ol
conservation of momentum.

* BJ R EERZINE WHT

The total momentum of the spring system is 0 kg - m/s before and after the spring is released, because before the spring is
reteased the blocks have no velocity and because p=mv if v=0 regardless of m, p must be 0. After the spring is released the
systermn must still have no momentum because of the law of conservation of momentum, stating that in a closed system
miomentuen will always stay the same.

i rmbes of characters 1500 | | Characters remaining: 1776

Part B

Calculate the momentum of the 10 kg block after the spring is released. Show your calculations and include units in your
anEwWer.

b B . EEEE&E MH T

The momentum of the 10 kg block is 40 kg mis to the left because p=mv and m=10 kg and v=4 m/s, sop = 10 kg - 4 m/s
= 40 kg ms

i nurmber of Maractsy 1500 | | Charseisrs remanmng 1407

Part C

Calculate the magnioude of the velecity of the 5 kg block after the spring is released. Show your calculations and include
URITS iN Your 3Nswer.

b B J UYEESTEEWH?T

The velocity of the 5 kg block is 8 m/s because given the fact that the system after release must have 0 kg m/s of

miamentum (45 discussed [n part A) we know that the 5 kg block's mamentum must be 10 kg mis to the right. Therelare as
m

1-:% and p=40kg mis and m =5 kg ..='m¢'=_ "

i -0

Waamurn nurnber ol characlen: 1500 | | Charsilers remaning: 1555
Part D

Energy is also conserved in this system.
Describe how energy is conserved when the spring is released, Be sure to discuss both potential amd kinetic energy.

B SfUEESESZ@E WH T

Energy is conserved in this system because in the beginning the spring has lots of potential energy which it then tums 1o
kennetic energy which it transfers to the blocks. No energy in this system is taken away or added, it's Just changed.

Mamimuim rnmiberof chamcters 1500 | | Charpciers remaining: 1302

Back to Scoring Guide
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Score Point 4B
Part A

Determine the mormentum of the system before and after the spring = released, Explain your reasoning wsing the law of
conservation of momentum,
4 B J UEESS@E WwH ¥

p=m m=10kg my=5kg vy, =0T vy =0

Iq|a

_;1:1{].1} p1=ﬂ.tg-% p==.'!|-'|} _u2=l]l:g-f Pyt P =Py
before pm=[]kg-? and after pmr=ﬂk3-%
This is bvc of the law of conservation of momentum that momentum will stay constant before + after in system w/io

outside forces (friction etc.)
Manimim umber of charatters: 1500 | | Character remammg; &30

Part B

Calculate the momentum of the 10 kg block after the spring is released. Show your calcuiations and include. units in your
ANTWER,

* B FfUESEERIASE WHT

p=nv m, =10kg Y=t ? Pyp=10-—4
S A
.P'ur = —40 -*H T
Wairmurn rurmisr of charatlers 1500 | | Characters remaining: 1500
Part C

Calculate the magnitude of the velocity of the 5 kg block after the spring is released. Show your calculations and include
units in your answer,

- BJUEESESESE wH Y

Py =Py tPyy Pru=Oke' T py=-0k T 0=-40+p, py=d0ke T
p=nm m?=5kx 4A0=3r

e B

12!_2 5

Warmrn pwmbes of characiers: 1500 | | Characters remaining: 1500

Part D
Energy is also conserved kn this system,
Describe how energy is conserved when the spring is released. Be sure to discuss both potential and kinetic energy.

= B J U ESEEENE WMWMHTE

When the spring is compressed at the beginning, potential spring energy is being stored in the spring. As the explosion
happens (spring is released), the potential energy Turns into kinelc energy, 85 the PE decreases the KE increases, so there s
always the same amount of total energy. Once the spring is totally released, all of the energy is kinetic.

s reember of characers 1300 | | Characters remaining: 1305

Back to Scoring Guide
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Score Point 3
Part A

Determine the momentum of the system before and after the spring is released. Explain your reasoning using the law of
conservation of momemntum,

- B JSYNEESREE WHT

The momentum of the system before the spring is released is 0 because both momentums of each block are 0 because
their momentums have to be equal, The total momenturn of the system after the block Is released |s B0 m/s x kg. Each
block has a momentum of 40 m/s x kg because according to the law of conservation of momentum both blocks have the
sarme mamentum after an action takes place,

P REITRTTY Pmiberof charatiers 1500 | | Characiers resnaining: 1187

Part B

Calculare the momentum of the 10 kg block after the spring is released. Show your calculations and include units in your
answer,

* B/ U EEEE&E WH J

p=mv v=42 m=10k 10k 1T =d0kx?

Redamirmum rasmbess of characters: 1500 [ | Chawaciers remmaining: 7500

Part C

Calculate the magnitude of the velocity of the 5 kg block after the spring is released. Show your calculations and mclude
iills If Your arswer.

L BJUYUEESETESE wH ¥

m1=11}kg
& [
mpyy=mgy, Mp=3k TN*'y g m
0 =_1 E 5“3 - I
1 5

V,=8 T vol 5kg block

Mdamrmin rambss of characeny: 1500 | | Cheeaciens refraining 1480

Part D

Energy is also conserved in this system.
Describe how energy i conserved when the spring is released. Be sure to discuss both potential and kinetic energy.

N BJfUYUEEXTTN WH T

Energy is conserved in this also because the potencial energy in the system before the spring is released is equal to the
kinetic energy in the system after the spring is refeased. PE=KE

Wassrm pumber of (haracees 1500 | | Charaoen remainergs 13486

Back to Scoring Guide
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Score Point 2
Part A

Determine the momentum of the systern belore and after thie spring 8 relessed. Explain vour redsoning using the low of
conservation of momentum,

- B J U :|EEEE wH ¥
The momentum before the spring releases and after the spring releases is the same,

Masgrrmum s ol charscisrs 1500 | | Characisn remalmng 1431

Part B
Cabculate the momentum of the 10 kg block after the spring Is released. Show your calculations and include unlts in your
ANsWEr.

b B J U3 3&E waH T

P=mxy P=10kgx4mis
P =40 kg - mis

Wit e O CRanstiens: Y500 | | Characlert g 1475

Part C
Calculate the magnitude of the velocity of the 5 kg block alter the spring is released. Show your calculations and clude
UMiES BN your answer.

# B Ff U S M WAH S

P=muxv
A0 kg- mis=5kgv
v=8mis

i

Waniifiin fuinbes ol chaimters 1500 | | Chaacsr rensliing: 1477

Part D
Emergy is also conserved in this system,
Describe how energy is conserved when the spring is released. Be sure (o discuss both potential and kinetic energy.

- B FruUtSicEaE WH?Y

Energy Is conserved when the spring is released because of change in energy. Before the spring released. potential energy
was being collected. When the potential energy is being collected, it means that energy ks being collected and then it will
release an energgy called kinetic energy.

WA Fairie Of Charactiees, 1500 | | Charaosry remmng: 1259

Back to Scoring Guide
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Score Point 1
Part A

Determine the momentum of the system belore and after the spring |s released. Explain your reasoning using the law of
conservation of momantum.

- B rUYEERSEE WHS

Before the spring s realeséd the momentum is 'O kg m/s because ihe velocity s 0 and the two masses added together s 15
kg and arything multiplied by 0 ks 0. After the spring = released the momerrum of the system 15 60 kg més because il you
add the masses and then multiply by the velocity you get 60

Tebawiernrm mumber of characiers 1500 | | Characiers remairing: 1257

Part B

Calculate the momentum of the 10 kg block after the spring s released. Show your calculations and include units in your
ansier,

+ BJ7YESEEESE WH Y
P=mv  P=4 x 10 = 40 kg mv's this is the momentum of the 10 kg block

Stammorm ramber of characiers 1500 | | Characters remarrg 1451

Part C

Caleulate the magnitude of the velocity of the 5 kg block after the spring is released. Show your calculations and incude
UNILS iN PO answer,

- B JYESEEES N T
P=mw  P=5x2=10 kg mvs this is the momentum of the 5 kg box

Mammim resmber of characers 1500 | | Characiers remanmg; 1455

Part D
Eneriy 15 also conserved in this system,
Describe how energy is conserved when the spring s released. Be sure to discuss both potentlal and kinetic energy.

- B JFUEEDTENE WH T

Energy is conserved when the spring is released because the potential energy is stored and some of it had to go to each
side sa it spread out

P Plriber B Chaddclers: 1500 o T SRR TR L L

Back to Scoring Guide
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Score Point 0
Part A

Determineg the momentum of the system before and after the spring IS released, Explain your reasoning using the Law of
consenyation of momentum.

+ B FfUESEZ=Z3E WHT
Before the spring Is realesed the blocks are dose to eachother and after the spring is realesed the blocks are distance,

Masie rernbed of Chakacters 155 CharsCies remasrg: 1399

Part B

Calculate the mamentem of the 10 kg block after the spring i5 released. Show your calculations and include units in your
ANSWET.

b B FUEETTNE WHT

When the spring is released the momentum of the 10 kg block ks 4 m/s because when the spring wasn't released block kg
10 and block kg 5 had the same momenium.

Masimurn nurrdssr of chamces 1500 | | Charadiess demaining: 1373

Part C

Calculare the magnitude of the velocity of the 5 kg block after the spring is released. Show your calculatiens and Inclede
units in your answer.

] B7IUYUEEERESE wHF
5 kg block is 4 miz.,

Wi number of characierss 1500 | | Charaoers remainng; 1485

PartD
Emergy 15 also conséarved in this sysiem,
Describe how energy is conserved when the spring ks released, Be sure to discuss both potential and kinetic energy.

ha B JUE[EEESRWHY
The mamentiem changed when the spring was released.

Mammurme numebet of chareEn 17500 Charake s resunmg 1457

Back to Scoring Guide
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