2026 MCAS Sample Student Work and Scoring Guide

High School Introductory Physics
Question 37: Constructed-Response

Reporting Category: Waves
Practice Category: Evidence, Reasoning, and Modeling

Standard: HS.PHY.4.1 - Use mathematical representations to support a claim regarding
relationships among the frequency, wavelength, and speed of waves traveling within various
media. Recognize that electromagnetic waves can travel through empty space (without a
medium) as compared to mechanical waves that require a medium.

Item Description: Explain whether the resistance in a circuit component should be increased or
decreased for a given situation, calculate the wavelength of a sound wave produced by the
circuit component, compare how the wavelength travels in air with how it travels in water, and
explain the reasoning.

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 waves traveling through
different media. The response correctly identifies how the resistance of a circuit
3A should be changed to increase the volume of a buzzer's sound and clearly
explains the reasoning. The response correctly calculates the wavelength of a

3B sound wave. The response also correctly compares the wavelength of the sound
wave in air with the wavelength of the sound wave in water and clearly explains
the reasoning.

The response demonstrates a partial understanding of waves traveling within

2 . :

= various media.

1 The response demonstrates a minimal understanding of waves traveling within
- various media.

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., 3A and 3B).



https://www.doe.mass.edu/frameworks/search/Map.aspx?ST_CODE=Sci.HS.PHY.4.01
https://mcas.onlinehelp.cognia.org/released-items/
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Module Introduction

A group of students performed several investigations using components from a circuit
kit. The schematic symbols for the different types of components in the kit are shown.

— Wire N Buzzer

—M\— Resistor —@— Light bulb
g Variable
resistor —@— Ammeter
—{ | | - Battery —@— Voltmeter
—c/ o— Switch —@— Motor

While performing the investigations, the students used the components to build a variety
of circuits. They used an ammeter to measure the current through different circuit
components and a voltmeter to measure the voltage drop across them.
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Score Point 3A

This question has three parts.

The students ol & circut that cluges 3 urrer, a5 shown. When (he amount of curment passeng through the burrer
ncreases, the volume of e ezer s sound also noeases,

9V =

PartA
The students want 1o incrense the volume of the sourd coming bom he burred.

Iy winerthes e students should ncreans OF COCITAsD e IESISIANCD N e vEnable PESISIOn 10 NCIsRss e
vohane of the burrer's sound. Explan your reasoning

The student should decrease the ressstance of the resistor. When the shdent decrease the resisiance the cormend
will go up. This i because the voltape siays (he same and resisiance s inversely proporsonal o current (1=V/iR)
When the current goes up the volurme of the buzzer will go up.

Part B
When the students close the switch and set the vanable resistos 1o 1950 (. the burrey produces 3 sound with &
conslant frequamcy of 7000 M2 Souinn wenses tiavel Irough ar af & speed of 343 m's,

Calcidaie the wavelength of the sound wanve produced by the burzer when the vanable resmsion = sei o 1950 0. Show
your calculations and include Wil in yYOL Brwer.

V=Af

PartC

Tha studients place M Ccust ) & walerprool containgr and Then pul the coninines uncer wales whike Me burres &
makng sound. The regueency of the burrer's sound wave does not changs as i moves from e ar in the contamer
0 e venton

Compang the winnelengeh of the sound wave m e with the wavelength of the sound wave in water. Explam your
1EASONING.

Whien the sound wane enfers the walsr its wavslength ncreases. Velocily & directly proponional to wavelsngih so
a3 long as he reguency s consiant noreasing ihe velocay will ncrease the wavelengm |
{wavelengihl=Vi{Fequency) | Becauss the speed of sound i laster n waled than in alr and because the freguency
of thir soung) dedd not changs the waneisngih of the sound i wstar be longer Han o A

Back to Scoring Guide
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Score Point 3B
This guestion has three parts,

The stuchents built & crcust that incudies & burrer, as shoswn. Wisen the amount of current passng thinugh the burne:
nCreRsEs, T vollme of e Do s sound also mCreanes.

e

Part A
The staxbents want 10 ncrsass the volums of the sound coming irom the bug e

Moy Wit e shpoenis Sl Sdrease ofF (ecinase the eastance o e varalie feusiol 1D rcrease e
wilrreg Of thir DuzZod's sound Explain your roasonng

Ty shoubd decrese D resmlance Dircauss thal would morease the cumment thiought the circust

Pant B
When the students close the switch and sel the vanable ressior o 1050 0, the burses produces a sound with a
ot fraguancy of 2000 Hr. Sournd winwe el thicugh & af & spesd of 343 mAa

Calculnte T warsdength of e sound wawe produced Dy e Duzzel when e varable resssiod i s o 1950 0. Show
your caltudations and mnchsdd units N youl nswor

v=Af

343 = A\ (2900)
343 A(2000)
W6 T THN

A = 0.118275862 m

Panc

The stucients place U circul in & walerprool contames and Dwn ol e Contamed under waley winks B burzer B
rraking soumnd. The Beguency of thi Bueed's sound wive J083 nid change As B movoes Triom thie o in (e containg
R0 Thi wies

Compain the wivelength of e sound witve i &8 With U wisvebsength of the sound wisve i wiled. Explaln your
FoRAONEG

Thar werswiangty of the sound wawve in wates s reater than the wavelengih of he sound wave n o becusss the
spend of the wave s MCreasing o 8 goes from a s o gusd

Back to Scoring Guide
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Score Point 2

This guestion has three parts,

The students bulll o circull that inchades a buzzer, as shown, When the amount of cument passing through the buzzer
inchisases. e voluiee of the buzzed's sound also Incleases

IV =

Part A

Thie: SACENES WaNE 10 INCTeRSS the volume of he Sound coming from e buzze

Identity whesther the students should increass or decrease (e ressance in the vanabie tesistor to increase the
wolumse of the huzraers sound. Explan you réasoning

The studen should e the resistance. Lowening e resstamcs wolld increase (he cument and thal would cause
thie buzzer 1o make & louder sound

Part B

When the students close the swilch and set the vanable resistorn to 1950 Q. the burzer produces a sound with a
constant frecquency of 2800 Hz. Sound waves travel (thiough adr at & spoed of 343 mfs

Calculste the wavelength of the sound wave produced by the buzzer when e varabie resistor |5 sl to 1950 0. Show
yOur calculBtoNS and Mciuchy urdls In your answi

= X
A 3

v =343
f = 2900

43
05 = 118 meters

Part C

The students pince the cincalt i o waterproot contaner and then put the contaner undey water while the bugzer 15
muakireg SoLnd, T‘I'uaTrﬁqq.m‘nc-rul the burzed's sound wive doos nol change as B moves from the air in the conbaine:
inio the wWaled

Compare the wavelength of the sound wave m air with the wavelength of thie sound wave inowater, Explain your
teasanng

Since the sound does nol change, that means the frequency will also not change. Since the reguency does not
change, the wavelength should alsn siay the same

Back to Scoring Guide
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Score Point 1

This question has three parts.

The students built a circuit that includes a buzzer, as shown. When the amount of current passing through the buzzer
increases, the volume of the buzzer's sound also increases.

Part A

The students want to increase the volume of the sound coming from the buzzer.

Identify whether the students should increase or decrease the resistance in the variable resistor to increase the
volume of the buzzer's sound. Explain your reasoning.

The student should decrease the amount of resistance in the variable resistor because the less resistance the more
current can get through to the buzzer.

Part B

When the students close the switch and set the variable resistor to 1950 Q, the buzzer produces a sound with a
constant frequency of 2900 Hz. Sound waves travel through air at a speed of 343 m/s.

Calculate the wavelength of the sound wave produced by the buzzer when the variable resistor is set to 1950 Q. Show
your calculations and include units in your answer.

The wavelength of the sound that is coming from the buzzer is 510.1\

2900 x 343 + 1950 = 510.1

Part C

The students place the circuit in a waterproof container and then put the container under water while the buzzer is
making sound. The frequency of the buzzer's sound wave does not change as it moves from the air in the container
into the water.

Compare the wavelength of the sound wave in air with the wavelength of the sound wave in water. Explain your
reasoning.

The wavelength of the buzzer will decrease in the water since the water is more dense than air, making it harder for
the wavelength to travel though the water than it is air.

Back to Scoring Guide
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Score Point 0

This question has three parts.

The students built a circuit that includes a buzzer, as shown. When the amount of current passing through the buzzer
increases, the volume of the buzzer's sound also increases.

9V

[P

The students want to increase the volume of the sound coming from the buzzer.

Part A

Identify whether the students should increase or decrease the resistance in the variable resistor to increase the
volume of the buzzer's sound. Explain your reasoning.

the student should increase the resistance to increase the sound of th buzzer because there will be mare voltage to
go to the buzzer there for making it louder

Part B
When the students close the switch and set the variable resistor to 1950 Q, the buzzer produces a sound with a

constant frequency of 2900 Hz. Sound waves travel through air at a speed of 343 m/s.

Calculate the wavelength of the sound wave produced by the buzzer when the variable resistor is set to 1950 Q. Show
your calculations and include units in your answer.

2900 — 1950 = 950

343 + 9.50 = 36.1

Part C

The students place the circuit in a waterproof container and then put the container under water while the buzzer is
making sound. The frequency of the buzzer's sound wave does not change as it moves from the air in the container
into the water.

Compare the wavelength of the sound wave in air with the wavelength of the sound wave in water. Explain your
reasoning.

the sound waves will move slower through the water because they will spead out and have a harder time moving
through the water

Back to Scoring Guide




