Pendulum Length vs
Swing Period




Pendulum STEM Investigation: Scientific Method Activity

Purpose
Use a simple pendulum 1o teach experimental detign, variables and controks, proportional reatoning, data
analysts, and communication of resulis.

Learming Objectives

#  Planand casry out a controlied investigation with cleas ind , and contr b,
= Collect sufficlent data (replicates) and compare results across string lengths.

+ Graph pericd data to analyze trends and construct evidence-based claims,

#  Explain the physical prircples of periodic matian.

Safety

*  Keep swings below shoulder height and a clear anea around the pendulum path.
= Use secure pivat points Iring stand or doorway hinge with tape) and check krats.
+ Do ol use iy of sharp Eobs: wishers taped together are sulfizien

Materials

- Suing

# Washers [or other constant mass for all trials)

#  Protractor jor anghe card) to measure release angle (< 15%)
Stopwranch

Muter stick of tape measune

Ring standfrod of donnway maunt, tape

Data shaets (inchided), pencils

Background Science for the Teacher
For small angles (< 15°), the pericd T of a simple pendulum depends anly on
1ing length L and gravity.

PR

Mass of the bob does not affect T {for small angles). Release angle has litthe effect if kept small and consistent.
Timing several swings and dedding by the number fe.g., 10 swings) reduces reaction-time error.

Expected Resubis Fattern
#  Paricd increases with the squars root of length; graphs of Tvs L show a gentle upward curve,

Answer Key and Sample Results
Noite: Actual cass data will vary. The sample below models the expected trend for small angles,

_Sample Summary Data .
Length {em) | Average Period (3]
2 |0.90 1
30 |110
LD 127
50 |14z
|50 [ 155
Interpretation

®  Average pericd incresses with length.
& Doubling kength from 20 cm ta &0 om increases period by about ~1.41%,
s Miags of the bob should not change the period If the angle ks small and the pivot Is low friction.

Model Responses to Analysis Guestions

1. longest period at B0 cm (=155 ).

2. Data follow a gentle upward curve; the incresse fram 50 ta 60 cm is srmaller than fram 20 ta 30.cm.

3. Maost impartant contrals: small release angle, consistent phot point and length measurernent, identical
bob mass, tming 10 swings and dividing by 10.

. Follawsup: investigate release angle [5°, 107, 15%, 307, 35°) at a fixed length. Hypothesis: Period remains
AEarly EomItant up te ~15%, then intreases sightly for 1anger nghes due 10 non-linear &lfeds

Pendulum STEM Investigation: Scientific Method Activity

Diriving Question
Hew does string length affect the period of a perdulum?

Hypothesis.

Write a testable hypothedis predicting which string length will praduce the longest period and wiy.

Wariables.
Type | Beseribe for This Experiment 1
Independent Variable String length (cm) measured from pivet to bab center
| Dopendent Variable | Awerage poriod for 10 swings [secands)
Controlled Variables Bob mass; release angle (< 15°); pivot type; location; timing method; number
of swings per timing: rumber of trials per length
Expaiimantsl Daiign
1. Test five string lengths: 30cm, 30 cm, 40 cmy, 50 om, and 60 cm.

"

. Far each length, complete a practice et (2 timings, not recarded) to
standardas techaigue. Than porform 5 timed trials for sach and maagure
the time for 10 swings for each trial.

. Cakculate the period (time for one complete opcle — i.e. B =¥ B) for each
Arial by dividing the recorded time by 10,

4, Keep the releace angle under 15° and use the same startfstop cue for the

timer.

w

Doubling lergth increases pericd by about ~1L41=,
Mass changes should not change period if ather factors are controlled.

Imglementation Notes

+
.
.

U@ & corsistent piviol paint and mieaiune length fram the pivat ta the center of mass of the Beb.
Kire the release arghe under 157 mark o small angle guide with the pratractor,
Time 10 swings per trial; divide by 10 to find the average period per trisl

Data Collection Takles
[Largth fem) [Trial & TTime for 10 swings (s} | Period = time » 10 {s)
[20 I
|20 2

i) 3
[20 [a |
! 20 .s : 1

Largth jom) Trial # Tirew fiar 10 swings (s) Ptrined = tam + 10 (5)
20 I |
30 2z
5 ]

0 L] |
t 30 - 5 - -

Lergth jom) Trial 0 Tirme for 10 swings {s) Period = time + 10 {s)

%0 I}
| 40 12

40 3

&0 Ta [ | |
_4-0 .s 4 "

Lirgth {em) Trial # Tiree far 10 swings (5) Pt = tarmie + 20 (5)
I 1
|50 F]
|50 3
|50 4
W - 5 - -

Largth jom) Trial & Tirew for 10 swings (s) Pericd = time + 10 (5]
|80 11

L21] 2
[0 IE |
| &0 4
|80 Ik]

Summary Table

Length [em) | Awerage Period ()

[2[e[slele

Graphing

#  Croate a graph of Average Period (5) on the y-anis vs String Length [cm] on th xais,
*  Staery-axis ot O:includie a chear title and axis [abels. Opticnally, add 2 smoeth cunve line.

Analysis Questions

1. Which string lergth produced the longest average period? Include the mean period and the bength value.

2. How well do your data folow the square-reot trend? Explain using your graph shaps.

3. Which confrolled variables were most important to keep the test fair?

a4 W eime alowed, what Follow-up expesienent would youw fun next [releade snghe, bob mass, different phati|?
State a testable hypothesss.

Pendulum STEM Investigation: Rubric
Category | Emceads [£) | Meets (3) | Approaches (2) | Baginning (1)
Experimental | Variables cloarly Variables nameed; Varlables partially | Variables missing; no
Design named; procedure procedune mostly named or undlear; consistent
standardires length, | comsistent; trials intonsistent procedurne; very few
angle, andtiming; | completed. procedure; fewer trials,
practice round trials than planned.
completed; enough
trials for fair
coenpasisan
Data Quakty | Alltriab recorded Almost all triaks Feveral omissions or | ey missing or
neathy; wotals match; | mecorded; minor wnclear entries; wnreadable entries;
periods computed; ships corrected; summary summary net usable.
summany complete. | summany mastly mcomplete or
complete. mismatched.
Graphing & | Comrectgraph with | Graph present with | Graph presentbut | No graph or
Analysts labeled axes and labels and title; missing some labels | incorrect graph; no
title; points reflect | takeaway stated, o clarity; akeavay | takeaway,
wach length; clear g,
takeaway identityng
langedt periad with
numbers.
Clalm= | Clear claim naming | Claimsupported | Claim present but | Claim absent or
Evidence— langest period; with basic evidence | weaihysupponed; | unrelated to data;
Reasoning evidence citis il some corriel DERSORERE URCIRAT OF | B feasaning.
results; reasoning DERSORINg. peneric
CONMBELS 10 Square-
root relationship and
small-angle madel
Collaboration | Roles used Maostly cooperative; | Unewen Offtask or unsafe
& Safery effectively; area kept | safe behavior with participation; behavior; rolles
clear; students on | minor reminders. repeated reminders | unclear.

task ard respectful. for safiety or fous.




What You Get

e Teacher Guide: setup, safety, pacing, and background
science.

e Student Packet: clear, step-by-step build/setup instructions
and blank data tables for 5 trials per length (time for 10
swings).

e Summary & Graphing Pages: average-by-length table and
graph template (Average Period vs String Length) with
iIncluded graph paper.

 Printable Angle & Length Aids: <15° angle card and length-
measuring guide (pivot to bob center) for consistent setup.

e Analysis & Model Answers: four prompts with sample data
and exemplar CER responses.

e Rubric & Extensions: simplified rubric for easy grading plus
optional investigations.




