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EXPLORING
ROTATIONAL
MOTION WITH
PHET LADYBUG
REVOLUTION

P h y s i c s  c a n  b e  a
challenging subject for
m a n y  s t u d e n t s ,
especial ly  when  i t
c o m e s  t o
understanding abstract
concepts like rotational
m o t i o n ,  a n g u l a r
v e l o c i t y ,  a n d
centr ipeta l  force.
Traditional  textbook
diagrams  and  static
images  often  fail  to
capture  the  dynamic
n a t u r e  o f  t h e s e
phenomena.  This  is

where  interact ive
s imu la t ions  have
transformed  science
education.  Among  the
most  effective  and
e n g a g i n g  t o o l s
available  is  the  Phet
Ladybug  Revolution
simulation,  developed
by the PhET Interactive
Simulations  project  at
the  Un ive r s i t y  o f
Colorado Boulder.  This
r e m a r k a b l e
educational  resource
al lows  learners  to
v i s u a l i z e  a n d
e x p e r i m e n t  w i t h
rotational  motion  in  a
hands-on,  intuitive
way,  making  complex
physics  pr inciples
accessible  to  students
of all ages.

https://turn-nyc-edge-vdmdp.louper.io/
https://turn-nyc-edge-vdmdp.louper.io/
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The  Phet  Ladybug
Revolution  simulation
is part of a larger suite
of free, research-based
interactive  math  and
science  simulations.
What sets it apart is its
ability  to  bridge  the
g a p  b e t w e e n
theoretical  knowledge
a n d  p r a c t i c a l
understanding. Instead
o f  m e m o r i z i n g
formulas, students can
manipulate  variables,
observe  real - t ime
changes,  and  develop
a deep, intuitive grasp
of how objects behave
when  they  rotate.  In
this  comprehensive
guide,  we will  explore
every  aspect  of  this
simulation,  from  its
core  mechanics  and
e d u c a t i o n a l
applications to tips for
maximizing  its  use  in
the  classroom  or  at
home.

WHAT IS PHET
LADYBUG
REVOLUTION?

At  its  core,  the  Phet
Ladybug  Revolution
simulation  is  a  virtual
laboratory designed to
help  learners  explore
rotational  motion.  The
main screen features a
ladybug  positioned  on
a  rotating  platform or
" m e r r y - g o - r o u n d . "
Users  can  control  the
platform's  rotation
r a t e ,  c h a n g e  t h e
ladybug's  posit ion
relative to  the center,
and  even  introduce  a
second bug or a flower
for comparison. As the
platform  spins,  the
simulation  displays
various  measurements
s u c h  a s  a n g u l a r
velocity,  tangential
v e l o c i t y ,  a n d
c e n t r i p e t a l
acceleration  in  real
time.
W h a t  m a k e s  t h i s
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simulation  particularly
effective  is  its
simplicity  and  visual
clarity.  The  ladybug
moves  in  a  circular
path ,  and  vectors
representing  velocity
and  acceleration  are
drawn  dynamically,
helping  students  see
the  d i rec t ion  and
magnitude  of  these
forces.  The  simulation
also  includes  a  graph
tool  that  plots  key
variables  over  time,
allowing  learners  to
analyze  patterns  and
relationships.  Whether
y o u  a r e  a  m i d d l e
s c h o o l  s t u d e n t
encountering rotational
motion  for  the  first
t i m e  o r  a  c o l l e g e
student  reviewing
fundamental  concepts,
the  Phet  Ladybug
Revolution  simulation
offers  a  rich,
interactive  experience
that  promotes  active
learning.

KEY FEATURES OF
THE SIMULATION

Interactiv
e
Controls
and Real-
Time
Feedback
One  of  the  standout
features  of  the  Phet
Ladybug  Revolution
s i m u l a t i o n  i s  i t s
i n t u i t i v e  c o n t r o l
system.  Users  can
adjust  the  angular
velocity using a slider,
w h i c h  i n s t a n t l y
changes the platform's
rotation speed. As the
speed  increases  or
d e c r e a s e s ,  t h e
ladybug 's  mot ion
updates  immediately,



4

4 Phet Ladybug Revolution 2025-01-29

and the accompanying
vector arrows adjust in
length  and  direction.
This real-time feedback
i s  i n v a l u a b l e  f o r
developing an intuitive
understanding  of  how
rotational speed affects
other variables.
Additionally, users can
drag  the  ladybug  to
different  positions
along  the  platform's
radius.  Moving  the
ladybug  closer  to  the
center or farther out to
the  edge  produces
noticeable  changes  in
its  tangential  velocity
a n d  c e n t r i p e t a l
acceleration,  even
when  the  angu la r
ve loc i t y  r ema ins
constant.  This  hands-
o n  m a n i p u l a t i o n
encourages exploration
and discovery, allowing
students to form their
own mental models of
rotational dynamics.

Visual
Aids and
Vector
Displays
The  simulation  excels
at  making  invisible
forces  visible.  When
the  platform  rotates,
the simulation displays
arrows  representing
v e l o c i t y  a n d
acceleration  vectors.
The  velocity  vector  is
always  tangential  to
the circular path, while
the acceleration vector
po ints  toward  the
center  (centripetal
acce lerat ion) .  By
watching these vectors
change as the ladybug
m o v e s  o r  a s  t h e
r o t a t i o n  s p e e d
changes,  students can
directly  observe  the
relationship  between
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position,  speed,  and
a c c e l e r a t i o n  i n
rotational  motion.
Furthermore, the Phet
Ladybug  Revolution
simulation  includes  a
"show  graphs"  option
that  plots  angular
velocity,  tangential
v e l o c i t y ,  a n d
acceleration over time.
This  feature  helps
learners  connect  the
visual  motion  of  the
l a d y b u g  w i t h
m a t h e m a t i c a l
r e p r e s e n t a t i o n s ,
r e i n f o r c i n g  t h e
quantitative aspects of
rotational dynamics.

Multiple
Objects
for

Comparis
on
Another  excel lent
feature is the ability to
add a second ladybug
or  a  flower  to  the
platform.  By  placing
two objects at different
distances  from  the
center,  students  can
directly  compare  their
v e l o c i t i e s  a n d
accelerations  side  by
side. This comparative
analysis  is  a  powerful
teaching  tool,  as  it
highlights how position
affects  rotational
mot ion  in  a  c lear ,
observable  way.  For
example, a student can
see  that  the  outer
ladybug  moves  much
faster tangentially than
the  inner  one,  even
though  both  complete
a full revolution in the
same amount of time.
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EDUCATIONAL
VALUE AND
LEARNING
OBJECTIVES

The primary goal of the
P h e t  L a d y b u g
Revolution  simulation
is  to  help  students
develop  a  conceptual
unders tand ing  o f
rotat ional  mot ion
before  d iv ing  into
complex  equations.
Research  in  science
education  shows  that
students  learn  more
effectively  when  they
c a n  e x p l o r e  a n d
i n t e r a c t  w i t h
phenomena  firsthand.
T h i s  s i m u l a t i o n
embodies that principle
by  providing  a  safe,
a c c e s s i b l e ,  a n d
engaging  environment
for experimentation.

Understa

nding
Angular
Velocity
Angular  velocity  is  a
measure of how fast an
object rotates, typically
expressed  in  radians
p e r  s e c o n d  o r
revolutions per minute.
In  the  s imulat ion,
students  can  observe
that angular velocity is
the same for all points
on  a  r igid  rotat ing
platform, regardless of
their distance from the
c e n t e r .  T h i s
c o u n t e r i n t u i t i v e
concept becomes clear
when the two ladybugs
are  placed  at  different
radii and the user sees
that  they  complete  a
full  circle at the same
t i m e .  T h e  P h e t
Ladybug  Revolution
simulation  makes  this
abstract  idea concrete
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and memorable.

Tangentia
l Velocity
and
Radius
While  angular  velocity
is  constant  across the
platform,  tangential
velocity  depends  on
the  distance  from the
center.  The simulation
demonstrates  this
relationship vividly: the
farther  the  ladybug is
from  the  center,  the
faster it must move to
c o v e r  a  l a r g e r
circumference  in  the
same  time.  Students
can  quant i f y  th i s
relationship by reading
the  velocity  values
d i s p l a y e d  o n  t h e
screen  and  checking
that tangential velocity
equals angular velocity

mu l t ip l i ed  by  the
radius.

Centripet
al
Accelerati
on
C e n t r i p e t a l
acceleration is another
challenging  topic  that
the simulation handles
beautiful ly.  As  the
ladybug  rotates,  the
acceleration  vector
always  points  toward
the center of the circle.
Students can see that
th i s  acce le ra t ion
increases  with  both
angular  velocity  and
r a d i u s .  B y
experimenting  with
different  settings,
learners  can  develop
an intuitive sense that
tighter turns at higher
speeds require greater
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centripetal  force.  This
concept has real-world
a p p l i c a t i o n s  i n
everything  from  car
racing to roller coaster
design  to  planetary
orbits.

HOW TO USE PHET
LADYBUG
REVOLUTION IN
THE CLASSROOM

Educators  have  found
countless  creative
ways  to  integrate  the
P h e t  L a d y b u g
Revolution  simulation
into their lessons. Here
are  some  practical
s t r a t e g i e s  a n d
activit ies.

Guided
Inquiry
Activities
A common approach is
to  use guided inquiry,
where  students  are

g i v e n  a  s e t  o f
questions or challenges
to  explore  using  the
s i m u l a t i o n .  F o r
example,  a  worksheet
might ask:

What happens to
the ladybug's
tangential
velocity when
you increase the
angular velocity?
How does
moving the
ladybug closer to
the center affect
its acceleration?
If two ladybugs
are at different
radii, which one
has a larger
tangential
velocity? Why?

T h e s e  q u e s t i o n s
encourage students to
i n te rac t  w i th  the
simulation  actively,
record  observations,
and  draw  conclusions
based  on  evidence.
The  Phet  Ladybug



Phet Ladybug Revolution 9

9

Revolution  simulation
p r o v i d e s  i n s t a n t
feedback,  so  students
c a n  t e s t  t h e i r
predictions  and  refine
their  understanding  in
real time.

Pre-
Laborator
y
Preparati
on
Before  conducting  a
physical experiment on
rotational motion, such
as  using  a  rotating
platform with  sensors,
teachers  can  assign
the  simulation  as  a
pre-lab  activity.  This
ensures  that  students
come to the lab with a
s o l i d  c o n c e p t u a l
foundation,  allowing
them to  focus  on  the

technical  aspects  of
data  collection  and
analysis.  Simulation
use has been shown to
improve  students'
readiness for hands-on
l a b s  a n d  r e d u c e
anxiety about complex
equipment.

Demonstr
ations
and
Whole-
Class
Discussio
n
Even  i n  a  l e c tu re
setting,  the simulation
i s  a  p o w e r f u l
demonstration  tool.  A
teacher can project the
P h e t  L a d y b u g
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Revolution  simulation
o n  a  s c r e e n  a n d
manipulate  variables
while  asking the class
to  predict  outcomes.
T h i s  i n t e r a c t i v e
a p p r o a c h  k e e p s
students  engaged and
p r o m o t e s  a c t i v e
part ic ipat ion.  The
visual  nature  of  the
simulation  makes  it
accessible  to  visual
learners and helps the
entire class stay on the
s a m e  p a g e
conceptually.

BENEFITS FOR
STUDENTS AND
TEACHERS

Accessibil
ity and
Cost-

Effectiven
ess
One  of  the  greatest
advantages  of  the
P h e t  L a d y b u g
Revolution  simulation
is that it is completely
free  and  accessible
online.  Schools  with
limited  budgets  can
provide  their  students
wi th  h igh-qua l i ty
physics  education
without  expensive
laboratory  equipment.
The simulation runs on
a n y  m o d e r n  w e b
browser,  including  on
t a b l e t s  a n d
smartphones,  making
i t  a c c e s s i b l e  f o r
h o m e w o r k
assignments,  remote
l e a r n i n g ,  o r
independent  study.
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Safe and
Repeatab
le
Experime

nts
Physical  experiments
with rotating platforms
can  be  hazardous,
especially  when  high
speeds  are  involved.
T h e  s i m u l a t i o n
eliminates  all  safety
c o n c e r n s  w h i l e
allowing  students  to
e x p l o r e  e x t r e m e
conditions  that  would
be  impossib le  in  a
typical  classroom.
Users  can  spin  the
platform  at  very  high
speeds,  place  objects
at  the  very  edge,  or
investigate edge cases
that  deepen  the i r
understanding.  Every

experiment is perfectly
repeatable, so students
can  test  hypotheses
multiple  times without
setup time or material
waste.

Building
Intuition
Before
Formulas
Perhaps  the  most
significant  benefit  of
u s i n g  t h e  P h e t
Ladybug  Revolution
simulation is the way it
bui lds  conceptual
intuition.  Too  often,
physics  instruction
begins  with  formulas,
l eav ing  s tuden ts
memorizing  equations
without  understanding
t h e  u n d e r l y i n g
phenomena .  Th i s
simulation  flips  that
model:  students  first
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explore  and  see  the
relationships, and then
they  a re  ready  to
a p p r e c i a t e  t h e
formulas that describe
them.  This  approach
l e a d s  t o  d e e p e r ,
longer-lasting  learning
and  greater  student
confidence.

CONNECTING TO
REAL-WORLD
APPLICATIONS

Rotational  motion  is
everywhere in our daily
lives,  and  the  Phet
Ladybug  Revolution
simulation  can  help
students  make  these
connections.  Consider
the following real-world
examples  that  mirror
the  concepts  explored
in the simulation.

Carousel or
Merry-Go-
Round: Children
on a playground
carousel
experience the

same physics as
the ladybug.
Those sitting on
the outer edge
feel a stronger
outward pull and
move faster
tangentially than
those near the
center.
Earth's
Rotation: The
Earth rotates
with a constant
angular velocity,
but the
tangential
velocity at the
equator is much
higher than at
the poles. This is
why launching
rockets near the
equator provides
an extra speed
boost.
Centrifuges:
Laboratory
centrifuges use
high-speed
rotation to
separate
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materials of
different
densities. The
acceleration
experienced by
samples at the
outer edge of the
rotor can be
thousands of
times greater
than gravity, a
concept that
becomes
intuitive after
experimenting
with the
simulation.
Roller
Coasters: Loops
and turns on
roller coasters
involve
centripetal
acceleration.
Riders feel
pushed into their
seats as the car
accelerates
toward the
center of the
curve, exactly as
the acceleration

vectors show in
the simulation.

B y  l i n k i n g  t h e
simulation  to  familiar
experiences,  teachers
can help students see
that physics is not just
a collection of abstract
formulas  but  a  set  of
principles  that  govern
the world around them.
The  Phet  Ladybug
Revolution  simulation
provides  a  perfect
bridge  between  the
l a b o r a t o r y  a n d
everyday  l ife.

TIPS FOR
MAXIMIZING
LEARNING WITH
THE SIMULATION

To get the most out of
the  Phet  Ladybug
R e v o l u t i o n
simulation,  consider
the  fo l lowing  best
practices.

Start with1.
exploration:
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Allow students
free time to play
with the
simulation before
introducing
formal concepts.
This builds
familiarity and
curiosity.
Use prediction2.
exercises:
Before changing
a variable, ask
students to
predict what will
happen. This
activates prior
knowledge and
makes the
outcome more
memorable.
Encourage3.
quantitative
analysis: Have
students record
numerical values
from the
simulation and
check
mathematical
relationships. For
example, verify

that tangential
velocity equals
angular velocity
times radius.
Pair with other4.
PhET
simulations:
The Phet
Ladybug
Revolution
simulation
complements
other PhET tools
like "Forces and
Motion" or
"Energy Skate
Park" for a
broader
understanding of
physics
principles.
Assign5.
reflective
writing: After
using the
simulation, ask
students to write
a short
explanation of a
concept in their
own words. This
solidifies
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understanding
and reveals
misconceptions.

ADDRESSING
COMMON
MISCONCEPTIONS

The  Phet  Ladybug
Revolution  simulation
is  particularly  effective
at addressing common
misconceptions  about
rotational motion. One
p r e v a l e n t

misunderstanding  is
that objects moving in
a circle experience an
outward  force.  The
simulat ion  clearly
shows the acceleration
vector pointing inward
toward  the  center,
he lp ing  s tudents
understand  that  the
net force is centripetal,
n o t  c e n t r i f u g a l .
Another misconception
is  that  all  parts  of  a
rotating object move


